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EXTERNAL SCIENTIFIC REPORT 
Preparatory work for future development of four scientific opinions on 
monitoring procedures at slaughterhouses
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ABSTRACT 
The objective of this review was to summarize the currently available data describing the sensitivity and 
specificity of indicators of unconsciousness and death in the following stun-kill methods and species 
combinations: 1) penetrative captive bolt for bovine animals, 2) head-only electrical stunning for pigs, 3) head-
only electrical stunning for sheep and goats, 4) electrical waterbath for poultry (chickens and turkeys), 5) carbon 
dioxide at high concentration for pigs, 6) all authorized gas methods to slaughter chickens and turkeys (carbon 
dioxide at high concentration, carbon dioxide in two phases, carbon dioxide associated with inert gases and inert 
gases alone), 7) slaughter without stunning for bovine animals, 8) slaughter without stunning for sheep and 
goats, 9) slaughter without stunning for chickens and turkeys. The reference tests for unconsciousness and death 
were to have been measured using electroencephalography (EEG). The definition of unconsciousness and death 
based on EEG were not specified, and the definition used by authors was reported. The index tests of interest 
were a variety of indicators requested by the funding agency such as no corneal reflex and immediate collapse. 
The index tests differed by stun-kill methods and species combination. A comprehensive search identified 22 
publications contained 24 species-stun/kill method combinations. No studies explicitly reported the sensitivity 
and specificity of the indicators in conscious and unconscious animals. Many studies reported the proportion of 
stunned animals with indicators, rather than the proportion of unconscious or conscious animals at a set time 
point with the indicators. Such data could not be translated into sensitivity and specificity. Other studies reported 
the average time to occurrence of an indicator or average time to cessation of the indicators. Such data cannot be 
translated into sensitivity and specificity estimates without knowledge of the joint distributions.  
© Iowa State University, University of Guelph, University of York 
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BACKGROUND AS PROVIDED BY EFSA 
Upon a request from the European Commission, the AHAW Panel will develop four scientific 
opinions on indicators for, and monitoring of the stunning/killing procedures. In particular, the 
opinions will: i) provide selected indicators designed to assess signs of unconsciousness/death of the 
animals, based on their level of specificity and sensitivity (i.e. performance of the indicators); ii) 
indicate the most common risk factors and their welfare consequences to determine the circumstances 
of the monitoring procedures; and iii) provide examples of different sampling protocols, based on 
different possible scenarios. 
Indicators will be provided for the following combinations of animal species and stunning/killing 
methods: 1) penetrative captive bolt for bovine animals, 2) head-only electrical stunning for pigs, 3) 
head-only electrical stunning for sheep and goats, 4) electrical waterbath for poultry (chickens and 
turkeys), 5) carbon dioxide at high concentration for pigs, 6) all authorised gas methods to slaughter 
chickens and turkeys (carbon dioxide in two phases, carbon dioxide associated with inert gases and 
inert gases alone), 7) slaughter without stunning for bovine animals, 8) slaughter without stunning for 
sheep and goats, 9) slaughter without stunning for chickens and turkeys. 
In order to reply to the Commission’s mandate, EFSA will select for each species and method 
indicators A (loss of consciousness or loss of sensibility for all groups) and indicators B (absence of 
signs of life for groups 7 to 9 only) as well as the other elements of the monitoring procedure, based 
on the relevant scientific basis and on indicators’ performances.  
The main background documents for this mandate are three EFSA Scientific Opinions on: i) “The 
welfare aspects of the main systems of stunning and killing the main commercial species of animals” 
(2004)
2, ii) “The welfare aspects of the main systems of stunning and killing applied to commercially 
farmed deer, goats, rabbits, ostriches, ducks, geese” (2006)3, iii) “The electrical requirements for 
waterbath stunning equipment applicable for poultry” (2012)4. Other background documents are the 
technical report of the “Project to develop Animal Welfare Risk Assessment Guidelines on Stunning 
and Killing” (2009)5, the EFSA Statement on “The use of animal-based measures to assess the welfare 
of animals” (2012)6 and the “DIALREL” reports of the EU funded research project on “Improving 
animal welfare during religious slaughter” (2010)7.  
TERMS OF REFERENCE AS PROVIDED BY EFSA  
The objective of this Specific Competition is to carry out preparatory work for the foreseen scientific 
opinions on monitoring procedures at slaughterhouses.  
The contractor will produce a report containing as many systematic reviews as necessary to address 
the following review questions: 
1) How specific and sensitive are the indicators of unconsciousness (indicators A) to assess the 
absence of consciousness or sensibility of the stunned animals. 
2) How specific and sensitive are the indicators of death (indicators B) of the animals 
slaughtered without stunning. 
The performance of the indicators (A and B, but for pigs indicators A only) should be assessed for the 
following combinations of animal species and stunning/killing methods: 1) penetrative captive bolt for 
bovine animals, 2) head-only electrical stunning for pigs, 3) head-only electrical stunning for sheep 
                                                     
2 http://www.efsa.europa.eu/en/efsajournal/pub/45.htm 
3 http://www.efsa.europa.eu/en/efsajournal/pub/326.htm 
4 http://www.efsa.europa.eu/en/efsajournal/pub/2757.htm 
5 http://www.efsa.europa.eu/en/supporting/pub/11e.htm 
6 http://www.efsa.europa.eu/en/efsajournal/pub/2767.htm 
7 available online at http://www.dialrel.eu/ 
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and goats, 4) electrical waterbath for poultry (chickens and turkeys), 5) carbon dioxide at high 
concentration for pigs, 6) all authorised gas methods to slaughter chickens and turkeys (carbon dioxide 
in two phases, carbon dioxide associated with inert gases and inert gases alone), 7) slaughter without 
stunning for bovine animals, 8) slaughter without stunning for sheep and goats, 9) slaughter without 
stunning for chickens and turkeys. The list of relevant indicators, provided by EFSA, divided by 
species and by methods is provided in Appendix W. 
 
This contract was awarded by EFSA to: 
Contractor: Annette O’Connor at the Iowa State University, Julie Glanville at the York Health 
Economics Consortium, University of York and Jan Sargeant at the University of Guelph.  
Contract title: “Preparatory work for the future development of four scientific opinions on monitoring 
procedures at slaughterhouses” 
Contract number: RC/EFSA/AHAW/2013/01 
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INTRODUCTION AND OBJECTIVES 
The rationale for this review was to provide supportive materials that would help others decide which 
indicators can be used in an abattoir to assess the efficacy of slaughter methods. Efficacy of a 
slaughter method can be described in various ways; however in this review the aim was to evaluate 
indicators of unconsciousness in the case of slaughter methods that stun animals prior to killing and 
death for slaughter methods that omit a stun step. It is clearly of interest to know the timing of loss of 
the indicators to ensure that the audits are capturing accurate and comparable information about 
stunning efficacy. However, the sensitivity and specificity of these indicators is unclear. Indicators are 
animal behaviours or responses measured in animals at slaughter. Examples of indicators include 
corneal reflex, wing flapping, vocalization, breathing and heart beating. Indicators may be species and 
stun-kill methods specific. 
EFSA’s tender requested a report containing as many systematic reviews as necessary to address the 
following review questions: 
1) How specific and sensitive are the indicators of unconsciousness (referred to in the tender as 
indicators A) used to assess the absence of unconsciousness or insensibility of the stunned animals. 
2) How specific and sensitive are the indicators of death (referred to in the tender as the indicators B) 
of the animals slaughtered without stunning. 
The performance of the indicators was to be assessed for the following combinations of animal species 
and stun-kill methods:  
1) penetrative captive bolt for bovine animals,  
2) head-only electrical stunning for pigs,  
3) head-only electrical stunning for sheep and goats,  
4) electrical waterbath for poultry (chickens and turkeys),  
5) carbon dioxide at high concentration for pigs,  
6) all authorized gas methods to slaughter chickens and turkeys (carbon dioxide at high concentration, 
carbon dioxide in two phases, carbon dioxide associated with inert gases and inert gases alone),  
7) slaughter without stunning for bovine animals,  
8) slaughter without stunning for sheep and goats,  
9) slaughter without stunning for chickens and turkeys. 
The primary objective of the review was to summarize, as far as possible, the publically available 
studies that have evaluated the relationship between indicators and unconsciousness or death. A 
secondary objective was to identify gaps in the available literature.  
MATERIALS AND METHODS 
A review protocol was developed prior to the conduct of the review. The protocol was developed 
through discussion between EFSA staff and the contractors. The protocol is available from EFSA. One 
modification to the protocol was requested and approved; removal of independent duplicate data 
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extraction of the relevant papers. The rationale for this request and modification was that a greater 
number of studies passed relevance screening than was expected and given the time frame and budget 
provided by the contract, duplicate data extraction was not feasible. Instead of duplicate data 
extraction, data were extracted by one reviewer and that extraction was verified by an independent 
reviewer.  
1. Research question 
The EFSA tender requested a report containing as many systematic reviews as necessary to address 
the following review questions: 
1) How specific and sensitive are the indicators of unconsciousness (referred to in the tender as 
indicators A) to assess the absence of consciousness or sensibility of the stunned animals. 
2) How specific and sensitive are the indicators of death (referred to in the tender as the indicators B) 
of the animals slaughtered without stunning. 
In addition, during protocol development, EFSA requested that the review team identify studies that 
assessed the prevalence of indicators that assess stun efficacy. These citations were to be identified 
from the search designed for the primary review. Basic descriptive information was extracted from the 
titles and abstracts of studies. Full papers were not obtained for these prevalence studies. The review 
team provided the data extracted from abstracts to EFSA, as well as the citation metadata. No further 
analysis of these citations was conducted, as these studies were not included in the tender request.  
2. Selection criteria  
The study selection (eligibility) criteria were based on a diagnostic test evaluation question, therefore 
the population of interest, the indicator test and the reference tests were identified to ensure consistent 
selection criteria.  
The populations of interest were defined as any of the following combinations of animal species and 
stunning/killing methods:  
1) penetrative captive bolt for bovine animals,  
2) head-only electrical stunning for pigs,  
3) head-only electrical stunning for sheep and goats,  
4) electrical waterbath for poultry (chickens and turkeys),  
5) carbon dioxide at high concentration for pigs,  
6) all authorized gas methods to slaughter chickens and turkeys (carbon dioxide in two phases, carbon 
dioxide associated with inert gases and inert gases alone),  
7) slaughter without stunning for bovine animals,  
8) slaughter without stunning for sheep and goats,  
9) slaughter without stunning for chickens and turkeys.  
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With respect to the characteristics of the species, provided the study reported a species described in the 
tender, any age, breed, production type or sex of the species was eligible for inclusion in the review.  
With respect to the stun-kill method this review excluded studies that did not use methods consistent 
with Chapter I and Chapter II of Annex 1 in Council Regulation (EC) No 1099/2009
8
. An example of 
an excluded study would be an assessment of water bath electrocution in poultry with a one second 
stun rather than a four second stun as outlined by point 6.3 Chapter II of Regulation (EC) No 
1099/2009. The review also excluded studies that did not describe a method intended to kill animals 
for meat consumption. For example, studies that described the use of carbon dioxide foam or liquid 
carbon dioxide for depopulating poultry houses were excluded.  
Study location was not an exclusion criteria, i.e. studies conducted in either experimental settings or 
commercial settings were eligible for inclusion. The rationale for not excluding studies on the basis of 
location was that although the settings were different, the differences were not likely to affect the 
majority of indicators. For example, the time of the loss of the corneal reflex compared to the onset of 
unconsciousness is unlikely to be affected by the setting.  
The level of application of the stun-kill method was not an exclusion criterion. This topic affects 
gassing methods mainly which can be applied to a group of animals at an abattoir but which are often 
studied in individual animals.  The review team acknowledged that the level of application was a 
potential source of heterogeneity, but decided to include this factor as a potential source of 
heterogeneity rather than as an exclusion criterion. The rationale for that decision is that for the 
majority of indicators in indicator was likely not affected by the presence of other animals i.e., in a 
group versus a singleton. This is potentially untrue for wing flapping, as the ability to flap is likely to 
differ in groups of birds versus singletons.  
With respect to the tests, a critical eligibility criterion was that the study design must have included an 
assessment of the reference test(s) and indicator test(s) on the same group of animals. The rationale for 
requiring this design was that it represents a fundamental aspect of diagnostic test assessment, i.e. 
comparison on the same animals.  This review was not limited to studies that completed the slaughter 
process. Some studies studied only unconsciousness and allowed animals to recover: these studies 
were considered eligible for this review. 
Based on an EFSA clarification, the reference tests for this review were unconsciousness or death 
measured using electroencephalography (EEG). EFSA did not place limits on the definition of 
unconsciousness or death based on EEG used by the researchers. Nor did EFSA specify particular data 
processing algorithms for the EEG. The review team considered brain wave activity to have been 
measured using EEG if study authors reported that the electrodes were placed on either the scalp, in 
the skin, on the bone or on the dura mater surface. If the study authors did not report the placement of 
electrodes but did report the method as EEG, this was considered to be EEG despite the lack of detail. 
If study authors described a method that required implanting or insertion of the electrodes into the 
brain tissue, those studies were excluded because the review team considered them to be 
electrocortigram (ECoG) measurements, even if described by the study authors as EEG. If the study 
authors explicitly reported the approach as electrocortigram (ECoG), studies using this method were 
considered not consistent with the clarification provided by EFSA and the study was excluded.  
Finally, studies were excluded from the review if the definition of death included the indicator of 
interest. For example, if the study authors defined death as a combination of isoelectric EEG and the 
                                                     
8  Council Regulation (EC) No 1099/2009 of 24 September 2009 on the protection of animals at the time of killing (Text 
with EEA relevance) OJ L 303, 18.11.2009, p. 1–30. 
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absence of a corneal reflex, then it was not possible to determine the sensitivity of absence of a corneal 
reflex for detecting death (Rodriguez et al., 2011).  
The index tests of interest were the indicators identified in the EFSA tender. These were divided into 
the indicators A and B, which differentiated those indicators considered to describe unconsciousness 
and death respectively. EFSA did not prescribe the approach by which the indicators were to be 
measured; therefore this review did not exclude studies based on any specific approach. For example, 
some studies assessed the corneal reflex every 10 seconds while others assessed it every 5 seconds. 
This review did not exclude studies based on these differences. The EFSA tender did not specify how 
the indicator was to be measured. For example, for the species-methods combination of bovine 
stunning with captive bolt, one indicator was ‘fixed eyes’. The tender did not describe if the 
measurement of interest was the average time to onset of fixed eyes, the maximum time to onset of 
fixed eyes, or the proportion of unconscious animals with fixed eyes. Therefore, the metric was not an 
exclusion criterion.  
No date limits were placed on the review scope. Language limitations were placed on this review; with 
the exclusion of non-English language studies. The rationale for this exclusion was that the budget and 
time frame did not provide resources or time for translation of studies.  At the 1
st
 level of screening the 
review identified the non-English language citations that were potentially relevant, but the citations 
were not screened further at Levels 2 or 3 to verify relevance. We provided a list of these potentially 
relevant citations. The list of indicators is provided in the Appendix W. 
3. Literature Search  
The search strategy comprised two elements: the search terms and the information sources to be 
searched. Searches were conducted in a range of relevant information sources in order to identify the 
two study types of interest to the review: 
 Studies reporting on the specificity and sensitivity of indicators for stunning or killing; 
 Studies reporting the prevalence of successful stuns or kills as measured by the specified 
indicators.  
3.1. Search terms  
The search strategy used to identify studies indexed in the Science Citation Index (Web of 
Knowledge; Thompson Reuters) is presented in Table 1. The strategy comprised four key elements: 
 Slaughter or stunning context (search lines 1 and 2);  
 Slaughter or stunning methods of interest (search lines 4 to 10); 
 Indicators of interest for stunning or killing (search lines 12 to 18); 
 Animal populations (search lines 20 to 21).  
A second, very focused, search line designed to capture the concept of stun efficiency (line 24) was 
additionally used to identify potentially relevant studies missed by the four key elements approach.  
The results of this strategy may include, for example, studies that do not report the method of stunning 
within the title or abstract.  The searches were not limited by language, date, or study design.   
The search strategy developed for the Science Citation Index was adapted appropriately to perform 
efficiently in other information sources. Adaptations included a consideration of database interface 
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differences (search syntax) as well as adaptation to different indexing languages. The strategies used 
to search each information source are presented in Appendices A-R.  
Table 1:  Search strategy to identify studies reporting on stunning or killing indicators in Science 
Citation Index (Web of Knowledge, Thompson Reuters)  
Search 
number 
Search string  
#1 TS=(“stunning” or “stun” or “stunned” or “stuns” or “stunner” or “restun*” or “unstun*” or 
“unconscious*” or “euthan*” or “narcosis”) 
#2 TS=(“slaughter*” or “abattoir*” or “meat” or “kill” or “killing”) 
#3 #2 OR #1 
#4 TS=("carbon dioxide" or “co2” or "co 2") 
#5 TS=(“gas” or “gases” or “gassing”) 
#6 TS=((“electric*” or “electrified”) near “waterbath*”) 
#7 TS=((“electric*” or "electrified") near/3 (“bath” or “baths”) or “voltage*” or “electronarcosis” or 
“electro-narcosis” or "head-only" or ("wave" near/3 "frequenc*")) 
#8 TS=(("captive” near/2 “bolt$") or (“bolt” near/2 “pistol*”) or “zephyr$” or “bolt gun$” or 
“boltgun$” or “stun bolt$” or “stunbolt$” or “cattle gun$”) 
#9 TS=("penetrating bolt$" or "penetrative bolt$") 
#10 TS=(“ritual*” or "religious*" or “kosher” or “halal” or “shechita” or “shehitah” or “shehita” or 
“shechitah” or “dhabihah” or “zabiha”) 
#11 #10 OR #9 OR #8 OR #7 OR #6 OR #5 OR #4 
#12 TS=(“collaps*” or “breathing” or “seizure” or “seizures” or “prick” or “pricks” or “pricking” or 
“pinch” or “pinching” or “pinches”) 
#13 TS=(“vocali*” or ("fixed” near/3 “eyes") or “pupil$” or “reflex” or “reflexes” or (“rais*” near/3 
“head$”)) 
#14 TS=(“blink” or “blinked” or “blinking” or “nystagmus” or “bleeding” or “heart” or “heartbeat$” or 
“pulse” or “relaxed”) 
#15 TS=((“muscle$” near/4 “tone”) or “movement$” or “moving” or “gasping” or “gasps” or “gasped” 
or “gag” or “gagged” or “gagging”) 
#16 TS=(“death” or “dead” or “unconscious*” or “conscious*” or “insensib*” or “sensibility") 
#17 TS=(“flap” or “flapping” or “wing” or “wings” or “feather*” or “struggl*” or “pain” or “welfare”) 
#18 TS=((“behavioral” or “behavioural” or “physiological”) near/4 (“response” or “responses”)) 
#19 #18 OR #17 OR #16 OR #15 OR #14 OR #13 OR #12 
#20 TS=("bovine" or "cow" or "cows" or "cattle" or "beef" or "calf" or "calves" or "veal" or “bull” or 
“bulls” or “buffalo*” or "pig" or "pigs" or "piglet$" or "sow" or "sows" or "pork" or "swine" or 
"porcine" or "finisher$" or “boar” or “boars” or "sheep" or "murine" or "lamb" or "lambs" or 
"mutton" or "goat$" or "poultry" or "chicken*" or "hen" or "hens" or "broiler$" or "turkey$") 
#21 TS=("animals" or "animal" or "livestock" or "ruminant$") 
#22 #21 OR #20 
#23 #22 AND #19 AND #11 AND #3 
#24 TS=((“stun” or “stuns” or “stunning” or “stunner”) near/4 (“quality” or “effective*” or “efficacy” 
or “efficacious” or "perform*")) 
#25 #24 OR #23 
3.2. Information sources searched  
A range of information sources indexing published research was searched for studies reporting on 
stunning indicators (Table 2). 
Table 2:  Information sources searched to identify relevant studies  
Database Interface 
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10 
Science Citation Index (SCI) Web of Knowledge, Thompson Reuters 
Conference Proceedings Citation Index – Science 
(CPCI-S) 
Web of Knowledge, Thompson Reuters 
CAB Abstracts  Web of Knowledge, Thompson Reuters 
BIOSIS Citation Index  Web of Knowledge, Thompson Reuters 
MEDLINE and MEDLINE In-Process OvidSP 
AGRIS http://agris.fao.org/ 
AGRICOLA http://agricola.nal.usda.gov/ 
TEKTRAN  www.ars.usda.gov/services/tektran.htm 
CRIS  http://cris.nifa.usda.gov/ 
Science.gov www.science.gov/ 
ScienceResearch.com http://scienceresearch.com/ 
Open Grey  www.opengrey.eu/ 
 
Information on on-going or recently completed trials, unpublished research, and research reported in 
the grey literature was identified by searching trial registers, databases indexing conference 
proceedings, and specialized search engines as follows: 
 TEKTRAN; 
 CRIS; 
 Conference Proceedings Citation Index – Science; 
 Science.gov; 
 ScienceResearch.com; 
 Open Grey. 
 The following key conference web-pages from the last three years (where available) were also 
searched to identify additional relevant conference abstracts: 
 International Congress of Meat Science and Technology; 
 International Workshop on Assessment of Animal Welfare at Farm and Group Level; 
 OIE Global Conference on Animal Welfare; 
 Humane Slaughter Association Centenary International Symposium. 
Where possible, search results were downloaded from the information sources. All relevant records 
were imported into EndNote bibliographic management software. De-duplication was undertaken 
using a number of algorithms.  
In addition to the information sources described, the references of recent reviews and eligible studies 
were checked for additional trials studies not have been identified by electronic searches.  
3.3. Study selection  
The study selection process involved three levels of screening to identify studies meeting the inclusion 
criteria specified (Section 2). Two independent reviewers were used at each screening level. At each 
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level, conflicts were resolved by discussion between the reviewers. Prior to starting the screening for 
Level 1, the reviewers screened 100 abstracts to ensure high levels of agreement on decisions. The 
screening questions are presented in the Appendix R-U.  
The aim of the first screening was to rapidly identify studies that appeared to conduct a comparative 
assessment of diagnostic tests and to capture information from the abstracts of studies that assessed the 
prevalence of stunning efficacy. Citations only passed to the second level of screening if both 
reviewers agreed that it was likely to be a study of comparative diagnostic tests and used a method that 
seemed likely to be a stun-kill method consistent with EU regulation 1099/2009 method. As described 
in the original tender, non-English language articles were selected so that they could be identified for 
EFSA.  
The aim of the second level of screening was to evaluate the method of stun/kill in greater detail and 
the assay used for the reference test. For most studies this required an assessment of the full text of the 
study. Studies were excluded if they did not report a method of stun/kill that complied with EU 
regulation 1099/2009. Studies were also evaluated to ensure that they used EEG as the method of 
recording brain activity. Studies that reported using methods such as ECoG only were excluded at this 
point. Studies that were not available in English were not evaluated at this level, as indicated in the 
original tender. English language articles that could not be obtained within two weeks were not 
processed further and were provided to EFSA as part of the tender deliverables 
The aim of the third level of screening was to determine if one or more of the behavioral indicators 
requested by the tender were measured by the study. At this point, studies were not excluded based on 
the measure used by the authors. That is, if the study reported measuring wing flapping using any 
measure, the study was included.  
Prior to extracting data, two reviewers evaluated the forms to ensure that the same data were 
consistently extracted. After some modification of the forms to ensure the correct format and 
interpretation of the data fields, one reviewer conducted data extraction of all publications. 
Subsequently, a second independent reviewer validated all the extracted data. The first reviewer 
deliberately included errors in four of the papers as a means of assessing the data validation process. 
These errors included incorrectly labeling the production group or placing a decimal point in the 
wrong place. The second reviewer identified all of the deliberately included errors.  These errors were 
then corrected for inclusion in the final report.  
Data were extracted from all studies that remained after level three screening. Data extraction was 
made directly into the DistillerSR® software. The data extraction forms were designed by the ISU 
review team in consultation with the staff at DistillerSR®. The data extraction form was originally 
designed in Excel based on the expected format needed for presentation in the report. We then back-
designed the data extraction forms to ensure that the data would export from DistillerSR® into MS 
Excel® in the required format. As a result of this process, extracted data were categorized as study 
level data, group level data or index level data (see section 3.4). 
3.4. Data items  
At the study level, we extracted data on the species, the age of the animals, the weight of the animals, 
the country the study was conducted in, the location for the study and the authors’ EEG based 
definition of unconsciousness and death.  
The group level refers to the stun-kill methods used within the study. Some studies had multiple 
groups within one stun-kill method, for example different gassing mixtures. Other studies had multiple 
groups that compared different stun-kill methods, for example captive bolt versus killing without 
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stunning. The group level data were referred to using the stun-kill method terms defined by EFSA 
(captive bolt, killing without slaughter etc.). Also extracted were the details provided by the authors 
about the methods. The aim was to extract enough information to describe the methods but reporting 
in the research studies was inconsistent. Some study authors presented half a page of detail about the 
methods, while others provide no details.   
The production class and sex of the animals was also extracted. Sometimes production class and sex 
overlapped; for example, for poultry when the production class was layers, this indicated the sex 
would be female. This was not always the case.  For example, for bovine, the production class may be 
beef but this could be intact male, intact female or castrated male. At the group level, information was 
also extracted about if the stun/kill method was applied to a group of animals or singletons. This was 
mainly relevant to gassing methods i.e., multiple animals in a gas chamber or just one.  
At the index level, the general name for the indicator as used by EFSA in the tender, the measure of 
that indicator and, where reported, and the authors’ descriptions of the approach to measuring the 
indicator were extracted.  
3.5. Risk of bias in individual studies  
The sources of bias considered relevant were: 
 Random selection of the study population from a relevant source population. The rationale for 
assessing this factor was that ideally the study population would be a large random subset of 
animals at slaughter so that animals in the variety of states that can occur at slaughter 
(exhausted, sick and healthy) were included in the assessment. This measure could also be 
considered as an external validity measure rather than a source of systematic bias. 
 Random allocation of animals to the group when multiple stun-kill methods were used within 
one study. This measure was only relevant to studies that assessed more than one outcome. 
This measure was assessed, as it is possible that systematic or haphazard allocation of animals 
to a group could introduce group differences that might affect the metrics.  
 Assessment of the index without knowledge of the reference, i.e., assessment of the indicators 
without knowledge that the animal was or was not unconscious based on the EEG. This was 
considered important as some indicators are subjective and therefore detection could be 
affected by knowledge of the EEG result, for example absence of gasping, absence of 
rhythmic breathing, or no corneal reflex.  
 Assessment of the reference test without knowledge of the index, i.e. assessment of the 
conscious state without knowledge that the animal was still having responses.  The rationale 
for this was that some studies did not use algorithm-based measures with predetermined cut-
offs to determine unconsciousness or death. Some interpretation was required as the meaning 
of changes in frequency due to muscular activity, etc.  
3.6. Summary measures  
Our aim was to
 
first determine whether the reported data could be used to extract sensitivity and 
specificity estimates. We extracted data from any studies that reported both the measurement of 
unconsciousness and/or death and indicators requested by EFSA. We then determined, based on the 
extracted data, whether the stun-kill and indicator combinations required by EFSA were reported. We 
reported when these were not and attempted no other summary of these studies.  
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If the stun-kill and indicators requested by EFSA were reported, we either extracted the sensitivity and 
specificity directly or attempted to derive an estimate indirectly depending upon the authors’ approach 
to measuring the indicator.  
3.6.1. Proportion based measures of sensitivity and specificity 
The approach used to relate the metrics reported by study authors to those required to calculate 
sensitivity and specificity is described here.  
First, we discuss the measurement of sensitivity. If an indicator is sensitive this would mean that when 
the animal is unconscious the indicator is present. The EFSA indicators were predominantly framed in 
the negative, for example no wing flapping, no corneal reflex, and absence of rhythmic breathing.  
Therefore, if the indicator “no corneal reflex” was reported as a 90% sensitive indicator of 
unconsciousness, this would mean that among unconscious animals 90% do not have a corneal reflex.  
To directly report the sensitivity of an indicator, the researcher(s) needed to determine the time point 
at which unconsciousness occurred in each animal and assess the indicator at that point or at a 
specified time after that point. In this case the numerator would be the number of animals with the 
indicator and the denominator would be the number of animals at a specific time after determination 
of unconsciousness. This formula is shown below.  
 
 
An analogous interpretation of sensitivity applies for indicators of death.  
For specificity determination, the indicator is specific if it is absent in conscious (or live) animals. 
EFSA framed most indicators as negatives, potentially leading to a double negative, making 
interpretation of specificity difficult. For example, if the indicator “no corneal reflex” was reported as 
90% specific this would mean that among conscious animals 90% would not have “no corneal reflex”. 
This double negative is easier to understand when re-expressed as 90% of conscious animals would 
have a corneal reflex.  
As with sensitivity, specificity is affected by the time from stunning and the population in the 
denominator. All live conscious animals have a corneal reflex, so the denominator must come from a 
risk set. In the context of this review that risk set must be stunned animals at a particular time post-
stun, a population of animals who are at risk of having “no corneal reflex” but still being conscious 
must be identified. Further, the denominator must define the risk set at a specified point of time in the 
study because the size of the conscious population changes with time. For example, having a corneal 
reflex would have 100% specificity, if 20 of 20 animals that were considered conscious at 20 seconds 
post stun had the reflex.  In the same study, having a corneal reflex would have 50% specificity, if 5 of 
the 10 animals still considered conscious at 40 seconds post stun had the reflex. The formula for 
specificity of an indicator is shown below.  
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For these reasons, direct extraction of estimates of sensitivity and specificity from studies required the 
clear differentiation of the following  
1) For sensitivity, the denominator must be unconscious animals based on the reference test. 
2) For specificity the denominator must be conscious animals (based on EEG) at risk of being 
“unconscious” i.e. stunned animals.  
3) The time frame post-stun must be known and the same for the measurement of the index and 
reference.  
We extracted such data or attempted to derive such data from studies that measured consciousness 
using EEG-based measured and the EFSA designated indicators.  
3.6.2. Individual level time-based measures of unconsciousness, death or indicators 
Time-based measures can be used to calculate sensitivity or specificity if the joint distributions of the 
time-based measures are known. If the joint distributions are known, then sensitivity and specificity 
can be determined based on the proportion of animals for which the indicators occur before or after the 
time to onset of death or unconsciousness.  
For these time-based measures the use of the EFSA indicator terms such as “no corneal reflex” can be 
confusing. Instead it is preferable to map the EFSA indicators to a comparable time-based measure. 
For example, the EFSA indicator “no corneal reflex” can be mapped as “time to cessation of corneal 
reflex”. The approach to calculating sensitivity using these data is illustrated as follows. If 20 animals 
were studied and all eventually become unconscious, then if the time to cessation of the corneal reflex 
was less than the time to onset of unconsciousness in 5 animals and the time to cessation of the corneal 
reflex occurred after the onset of unconsciousness in 15 animals, then the corneal reflex cannot be 
used as an indicator as it may occur before or after consciousness.  However, if the researchers can 
document that the time to the indicator is always on one side of the reference condition (i.e., always 
occurs before the onset of unconsciousness or always after the onset of unconsciousness) then this 
information can be used to create sensitivity-like indexes.  
For conversion of the time-based measures into sensitivity or specificity, the EFSA indicators were 
designated as Type 1 and Type 2. Type 1 indicators were those present all the time in normal animals. 
Examples included breathing, corneal reflex, palpebral reflex, pinch reflex, and heart beating. For 
these indicators the association of interest is when the indicator stops occurring relative to the onset of 
unconsciousness or death. For such measures several combinations are possible and these affect the 
interpretation of sensitivity and specificity. We illustrate the interpretation using the time to cessation 
of the corneal reflex as an example indicator.  
 If the time to cessation of the corneal reflex always occurs before the onset of 
unconsciousness, then the presence of the corneal reflex means the animals are conscious, and 
the absence means little, i.e. the animals could be conscious or unconscious.   
 Indicators of unconsciousness and death at slaughter 
 
EFSA supporting publication 2013:EN-467 
The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively 
by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender 
procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be 
considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the 
issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors. 
 
15 
 If the time to cessation of the corneal reflex is after the onset of unconsciousness, then the 
presence of the corneal reflex means little (the animal may be conscious or unconscious), and 
the absence means the animal is unconscious. 
Type 2 indicators are those that are displayed in the study population as a result of the slaughter 
process. Examples included wing flapping, seizures, gasping and gagging. Clearly, these behaviors 
occur else, but unlike a corneal reflex or a palpebral, wing flapping and seizures were not “normally” 
present prior to stun or kill but in this study population are induced as result of the slaughter methods. 
Type 2 indicators have a time to onset, Type 1 indicators do not have a time to onset. For these 
indicators, the important times are the time to onset and time to cessation of the indicator. As with 
type I indicators, if either event can occur on either side of unconsciousness or death, interpretation 
will be difficult. There are several possible sequences for these events that affected translation of these 
data into sensitivity or specificity.   
1) For all animals the onset of the indicator occurs before the onset of unconsciousness, and for 
all animals it ceases before the time to onset of unconsciousness.  
2) For all animals the indicator occurs before the onset of unconsciousness, and for all animals it 
ceases after the onset of unconsciousness but before the onset of death. 
3) For all animals the onset of the indicator occurs before the onset of unconsciousness, and for 
all animals it ceases after the onset of death.  
4) For all animals the onset of the indicator occurs after the onset of unconsciousness, and for all 
animals it ceases before the onset of death.  
5) For all animals the onset of the indicator occurs after the onset of unconsciousness, and for all 
animals it ceases after the onset of death.  
6) For all animals the onset of the indicator occurs after the onset of death and for all animals it 
ceases after the onset of death. This is improbable, but is included for completeness. 
3.6.3. Group level time-based measures of unconsciousness, death or indicators 
Study authors may attempt to use summary statistic time-based measures to infer group level 
sensitivity and specificity of indicators. The approach is as follows; if the average time to the onset of 
an indicator in the group occurs after the average time to onset of unconsciousness in the group, then 
“on average” animals are unconscious before the indicator ceases. For example, if the average time to 
“no corneal reflex” is 60 seconds and the average time to “unconsciousness” is 40 seconds, then 
unconscious animals may or may not have the reflex. From an interpretation point of view, at the 
group level, animals with the corneal reflex may be conscious or unconscious. Animals without the 
reflex are “on average” unconscious. As discussed previous the use of the negative EFSA indicators 
can make the interpretation of these time-based measures confusing. The time to onset of “no corneal 
reflex” is the same as the time to cessation of the corneal reflex. 
This summary statistics group level approach requires very strong and, perhaps invalid, assumptions if 
the aim is to infer individual sensitivity or individual specificity. This could also be thought of as 
ecological fallacy in a diagnostic tests setting. Although the group mean times to onset of 
consciousness and cessation of the index may differ, for any one individual, the time to loss of 
unconsciousness may not occur in the same sequence. For example, it is conceivable that some 
animals could lose the reflex before losing consciousness despite the group average times suggesting 
otherwise.  
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If the group level summary information is truly what is desired, it is possible to design a study to test 
the hypothesis that the mean or median times for the time to the cessation of the index test and the 
reference test differ significantly. However, showing that the group means times are different does not 
resolve the larger validity issue caused by the ecological fallacy of inferring the group level 
association to the individual level.  
For the data summary, we did attempt to report this group level measure descriptively, i.e. when the 
means of the time to the reference and times to the EFSA indicator occurred. We could not however 
statistically test the differences because knowledge of the paired differences would be required to test 
this hypothesis. Further limiting our ability to analyze these data were studies that reported for Type 2 
indicators the time to onset of an indicator and duration of an indicator. As mentioned EFSA 
predominately asked for negative indicators: no wing flapping, no gasping, which would map to time 
to cessation of Type to indicators. Theoretically it is possible to calculate the time to cessation by 
adding the means of the time to onset with the duration time. However for the estimation of the 
variation of this sum, the covariance of the time to onset and duration would be required. Such data 
were not reported.  
3.7. Synthesis of results  
Proportion-based estimates of sensitivity and specificity were reported where available. We did not 
calculate a summary sensitivity and specificity, as the number of stun-kill-indicator combinations was 
too low. We also narratively reported the study characteristics and the risk of bias. When the authors 
reported group level time-based measures that mapped to those requested by EFSA in the tender, we 
reported those. For example if a study of gassing methods in poultry reported the average time to onset 
of unconsciousness, average time to wing flapping, average duration of wing bouts and average time 
to cessation of palpebral reflex, only the average time to onset of unconsciousness and average time to 
cessation of palpebral reflex were reported. We did not interpret the possible meaning of the group 
level as we felt that this was inappropriate. Others may make the interpretations based on the 
discussion in Section 3.6.3.  
3.8. Risk of bias across studies  
The risk of bias across studies was to be assessed by evaluating the evidence of publication bias in the 
diagnostic test evaluation if a meta-analysis was possible.  As meta-analysis was not possible, the 
possible approaches are not discussed further.  
3.9. Additional analyses  
No additional analyses were planned. In the protocol it had been proposed that the impact of sources 
of heterogeneity such as sex or design features might be assessed as using subgroup analyses. 
However to few studies were identified in any one stun-kill indicator combination for meaningful 
analysis to occur.  
RESULTS 
4. Search selection  
The searches yielded 5106 records.  The source of these records is presented in Table 3. 
Table 3:  Number of records identified, by information source.  
Information source  Number of records identified 
Science Citation Index (SCI) 786 
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Conference Proceedings Citation Index – Science (CPCI-S) 83 
CAB Abstracts  1369 
BIOSIS Citation Index  1281 
MEDLINE and MEDLINE In-Process 549 
AGRIS 188 
AGRICOLA 654 
TEKTRAN  5 
CRIS  1 
Science.gov 110 
ScienceResearch.com 61 
Open Grey  3 
Search of conference abstracts 15 
Search of reference lists of relevant studies and reviews  1 
Total number of records identified  5106 
 
The study identification flowchart is shown in Figure 1.  In addition 135 citations were identified as 
prevalence studies that reported the efficacy of stun or kill using metrics other than EEG.  
4.1. Data extraction: 
4.1.1. Species and Methods: Bovines, killing without stunning and signs of death 
4.1.1.1. Study characteristics 
No studies reported the use of an EEG-based measure of death compared to the occurrence of the 
indicators in the EFSA tender. Three studies reported the use of EEG as a means of establishing 
unconsciousness or insensibility compared to other indicators (Newhook et Blackmore, 1982; Cook et 
al., 1996; Lambooij et al., 2012). As these were outside the tender specifications, no further discussion 
of these studies is presented in this report.  
4.1.2. Species and Methods: Bovines, penetrating captive bolt and signs of unconsciousness 
4.1.2.1. Study characteristics  
Two studies (Lambooij and Spanjaard, 1981; Blackmore and Newhook, 1982) assessed captive bolt 
use in calves. The study characteristics are shown in Table 4. Both studies reported the use of captive 
bolt in young animals and these studies reported the sensitivity and specificity of the several indicators 
in unconscious animals. One study did not explicitly report using penetrating captive bolt but we 
inferred it, based on the description of the stun method. 
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Figure 1:  Flow diagram showing study identification process  
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Data extracted at Level 4 (n=22 publications, 24 species-method 
combinations) 
2 penetrating captive bolt in bovines 
3 bovine killing without stunning in bovines 
0 head-only electrocution in swine 
2 high concentrations CO2 in swine 
2 head-only electrocution in ovine 
2 stunning without killing in ovine 
3 water-bath electrical stunning in poultry 
10 gas methods of stunning in poultry 
0 killing without stunning in poultry 
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Table 4:  Study characteristics of two studies that reported unconsciousness in animals stunned with 
a penetrating captive bolt. 
Reference Method details Age (N) Weight 
(kg) 
Country Location Productio
n class 
Sex 
(Blackmore 
and 
Newhook, 
1982) 
Two calves were stunned 
with a penetrating 
captive bolt by use of a 
Cash captive bolt pistol 
applied to the frontal 
region of the head. 
~1 wks 
(2 
animals) 
NR New 
Zealand 
NR NR NR 
(Lambooij 
and 
Spanjaard, 
1981) 
Frontal and occipital 
captive bolt. A Kerner 
captive bolt pistol was 
used with yellow 
cartridges (for 
lightweight cattle). The 
captive bolt was placed 
either frontally on the 
left side of the head (13 
calves), occipitally on 
the head (in the direction 
of the brain) (10 calves). 
6 mths 
(23 
animals) 
~200 Netherla
nds 
NR Veal Males 
* NR=not reported 
4.1.2.2. Results of individual studies  
 
Both studies provided data suggesting that the presence of seizures (one study did not specify the type 
of seizure) was a 100% sensitive indicator of unconsciousness in the study animals i.e. unconscious 
animals have seizures and in the setting of stun-kill studies. One study (Lambooij and Spanjaard, 
1981) reported narratively that unconsciousness and seizures occurred immediately in all animals. The 
other study (Blackmore and Newhook, 1982) reported that the onset of unconsciousness occurred 12-
15 seconds post stun in the 2 animals studied, both animals had seizures. The definitions of 
unconsciousness used by the study authors are provided in Table 5. It was not possible to make 
inference about the specificity of seizures, as only one study had unconscious but stunned animals. 
This study, only on two animals, reported that animals were conscious for 12-15 seconds post-stun 
however the authors did not report if the animals displayed seizures during that 12-15 seconds.   
Both studies assessed the absence of corneal reflex in unconscious animals. These data suggest that 
the corneal reflex is absent in unconscious calves stunned using a captive bolt. Lambooij and 
Spanjaard reported narratively that immediate absence of the corneal reflex and “immediate” onset of 
unconsciousness occurred in the 23 veal calves (Lambooij and Spanjaard, 1981). Blackmore and 
Newhook (1982) reported unconsciousness occurred within 12-15 seconds for the two study calves 
and indicated a corneal reflex could not be evoked in the first 20 seconds after stun. Blackmore and 
Newhook (1982) reported that the palpebral reflex was absent in both calves in the first 20 seconds 
post stun and that the same animals were unconscious. This would suggest 100% sensitivity for 
corneal reflex, i.e. unconscious animals stunned using captive bolt do not have a corneal reflex. With 
respect to specificity, the results from the 2 conscious animals are unclear, but if taken exactly as 
reported would suggest low specificity, i.e., conscious animals also had no corneal reflex because the 
animals were reported as conscious based on EEG for 12-15 seconds but did not have a corneal reflex 
at an time in the 1
st
 20 seconds. Realistically it is hard to know how often, if at all, the corneal reflex 
could have been tested in the 1
st
 10 seconds.  
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Table 5:  Definitions of the reference test for studies that assessed captive bolt stunning in bovines 
Reference Definition of unconsciousness provided by the study authors 
(Blackmore and 
Newhook, 1982) 
“A low frequency fast amplitudes (LVFA) lower than 10 µV and higher than 35µV 
was regarded as not consistent with sensibility.” 
(Lambooij and 
Spanjaard, 1981) 
“Presence of delta and theta waves (tending to an isoelectric line) were indicated as 
measure of being unconscious” 
 
4.1.2.3. Risk of bias within individual studies  
The risk of systematic bias in the studies was considered low, although the comprehensiveness of 
reporting was poor. Neither study reported random selection into the study. Random allocation to 
group was not relevant for either study. Neither study explicitly reported how some indicators were 
measured such as the corneal reflex; however the absence of this information was thought to introduce 
minimal risk of bias.  
Of greater concern was the approach to reporting the number of animals immediately unconscious 
used by Lambooij and Spanjaard (1981): no data were provided and only a narrative report was 
provided. It would have been preferable if the authors had reported the time to the onset of the 
definition of unconsciousness, as the phrase “immediate appearance of delta and theta waves (less than 
4Hz and 4 to 8Hz respectively) on the EEG which tended to an isoelectric line” does not explicitly say 
this occurred for every animal. Some readers may interpret “immediate” as exactly that and therefore 
impossible to attain, others may interpret “immediate” as occurring very soon after stunning but 
“soon” is undefined. Neither study reported assessing the reference and index test without knowledge 
of the other result.  
The more significant potential error was random error due to small sample sizes. The total body of 
work contained 25 animals. One study enrolled only two animals and therefore the potential effect of 
random error is high ( Blackmore and Newhook, 1982).   
4.1.2.4. Synthesis of the results  
The results were not combined using a quantitative method as either the denominator or numerator 
were zero for the corneal reflexes, palpebral reflex or the tonic seizures. The relevant data are 
provided in Table 6.  
Table 6:  Sensitivity of the indicators of unconscious cattle stunned using a penetrating captive bolt  
Reference Indicator measure 
r (number 
with index) 
N (number of 
unconscious 
animals) 
Sensitivity* 
(Blackmore and 
Newhook, 1982) 
No palpebral reflex 2 2 100% 
(Blackmore and 
Newhook, 1982) 
No corneal reflex 2 2 100% 
(Blackmore and 
Newhook, 1982) 
Tonic seizure 2 2 100% 
(Lambooij and 
Spanjaard, 1981) 
No corneal reflex 23 23 100% 
(Lambooij and 
Spanjaard, 1981) 
Tonic seizure 23 23 100% 
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 One study did not explicitly report using penetrating captive bolt but we inferred it, based on the description of the stun 
method. * Due to zero cells confidence intervals not calculated in the equation. 
4.1.2.5. Risk of bias across the studies results  
The review authors consider that the potential for publication bias in this topic area (stun efficacy) is 
high. We suggest that authors are likely to be reluctant to publish that a method did not effectively 
stun animals.  It seems unlikely that no studies have been conducted that have assessed the question of 
unconsciousness in adult bovines and the response of reflexes. It is possible that the studies that have 
been conducted occurred prior to the development of reliable EEG methods. Since reliable EEG 
methods have been available, industry bodies and funding agencies may have been reluctant to fund 
such critical work, either because they consider the issue unimportant or already resolved.   
4.1.2.6. Additional analyses  
No additional analyses were conducted.  
4.1.3. Species and Methods: Pigs, head only electrical stunning and signs of unconsciousness 
4.1.3.1. Study characteristics  
No studies reported the use of EEG-based measures of unconsciousness compared to the indicators 
listed in the tender. 
4.1.4. Species and Methods: Pigs, carbon dioxide stunning and signs of unconsciousness 
4.1.4.1. Study characteristics  
Two studies used EEG-based measures of unconsciousness in pigs exposed to high (90%) 
concentrations of carbon dioxide (CO2) and indicators requested by EFSA (Martoft et al., 2002; 
Llonch et al., 2013). However, neither study provided data in a format that could answer the review 
question. Llonch et al. (2013) used EEG-based measures of unconsciousness and tried to associate 
those with indicators. As this study reported an aim that seemed to exactly fit the review
9
, the 
reviewers felt it important to clarify why these data could not be used to report sensitivity and 
specificity. First, many of the metrics reported were not those of interest to the EFSA tender, e.g. 
muscular excitation. Second, the EFSA tender specified the sensitivity and specificity of the absence 
of indicators (e.g. no gasping). For time-related measures, this relates to time to cessation. Where 
authors did report indicators of interest to EFSA, the time to onset of the activity rather than the time 
to cessation was reported. For example, the authors reported time to onset of gasping, which was on 
average before the earliest measure of unconsciousness (LoC®) but the authors did not report when 
the time to cessation of gasping occurred.  
With respect to the proportion outcomes, Llonch et al. (2013) described the proportion of animals with 
gasping or vocalization  as a proportion of all animals exposed to 90% CO2 rather than as proportion 
of unconscious or conscious animals. The authors also reported the proportion of live animals with a 
corneal reflex at the end of the exposure (25%) but this included animals exposed to gas mixtures 
other than 90% CO2. As a result, no data from this study could be used to calculate individual level or 
group sensitivity and specificity.  
                                                     
9 “The aim of this study was to assess unconsciousness in pigs during and after the exposure to the gas concentrations of 70% 
N2 and 30% CO2 (70N30C), 80% N2 and 20% CO2 (80N20C) and 85% N2 and 15% CO2 (85N15C) compared with 90% 
CO2 in air (90C) by means of the IOC®, their behaviour and the absence.” 
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Martoft et al. (2002) reported the proportion of animals with a pinch response at the end of gassing (60 
seconds). However, the denominator was the number of animals gassed rather than the number of 
unconscious animals. The authors used two possible definitions of unconsciousness: time to lowest 
depth of anaesthesia and time to lowest mean 95% spectral edge. However, no measures of dispersion 
were reported and it was not possible to determine if it was suitable to assume that all pigs were 
“unconscious” at the end of the 60-second gassing period.   
4.1.5. Species and Method: Sheep & goats, head only electrical stunning and signs of 
unconsciousness 
4.1.5.1. Study characteristics  
Two studies were identified that reported the use of EEG-based measures of unconsciousness (Cook et 
al., 1996, Velarde et al., 2002). The studies were conducted in New Zealand and Spain. The 
characteristics of the studies are reported in Table 7. The authors’ definitions of unconsciousness are 
provided in Table 8.  
4.1.5.2. Results of individual studies  
For head-only electrical stunning, absence of the corneal reflex is consistently associated with 
unconsciousness. Cook et al (1996) did not report the average time to onset of unconsciousness but 
rather reported the time to irreversible loss of consciousness  in 2 sheep that were stunned then killed 
by throat cutting. It is unclear if these are synonyms, however given the time frame we did assume so.  
The time to irreversible loss of consciousness was 5.8 seconds (standard error mean (SEM) 0.7) in 2 
sheep and it was also reported that “eye reflexes could not be elicited at any stage after stunning”. In 
the methods and materials the authors reported measuring the corneal, palpebral and eyelash reflexes. 
Velarde et al. studied 25 sheep and obtained EEG data from 21. Velarde et al.  reported that all sheep 
were stunned effectively and unconscious, and none had a corneal eye reflex (Velarde et al., 2002).  
The data from both studies would suggest that for head only electrical stunning in sheep that 
unconscious animals do not have a corneal reflex, i.e., 100% sensitivity. However as with the use of 
captive bolt in bovines, the specificity of this indicator is unclear. These data are summarized in Table 
9. This is because Cook et al., suggested the eye reflexes were always absent but the animals were 
possibly conscious for a very short period. Technically, the eye reflexes were absent when the animals 
were conscious i.e. in the 1st 5.8 seconds. If the time to loss of consciousness and time to irreversible 
loss of consciousness are not synonyms, and unconsciousness actually occurred earlier than 5.8 
seconds, the inference is the same i.e., unconscious animals do not have the reflex but it is unclear 
about conscious animals. However, it is unclear how Cook et al. (1996) could have been expected to 
measure the corneal reflexes presence in the few seconds where animals were apparently stunned but 
possibly conscious.  
Velarde et al. also reported that tonic seizures and absence of breathing occurred concurrently with 
unconsciousness in the 21 stunned animals (Velarde et al., 2002). This would suggest that for head 
only electrical stunning in sheep that all unconscious animals have tonic seizures, i.e. 21 of 21, 100% 
sensitivity. This would suggest the same 100% sensitivity for absence of breathing i.e. all 21 
unconscious animals were no breathing. These data are summarized in Table 9. However, as with the 
use of captive bolt in bovines, the specificity of these indicators is unclear.   
Cook et al., also studied 6 sheep that were stunned electrically using head-only stun and were then 
allowed to recover. The time to unconsciousness was not reported, and clearly because these animals 
were allowed to recover the time to irreversible loss of consciousness was not reported. Note that, the 
failure of Cook et al., to report the time to unconsciousness in this group of animals, does perhaps 
suggest that Cook et al., did not consider the time to unconsciousness and the time to irreversible 
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unconsciousness as synonyms. For those 6 sheep that were stunned and allowed to recovery what was 
reported was as follows: "All the animals exhibited clear signs of a seizure; after stunning, the 
amplitude of the EEG was at least five times its amplitude before stunning, and there was a typical 
sequence of tonic-clonic motor activity and reflex changes similar to those recorded by Cook et al. 
(1995). It is very difficult translate this statement into one about sensitivity and specificity for two 
reasons. First, the 1996 Cook paper does not report time to unconsciousness for the 6 animals and 
refers us to the 1995 Cook paper. Second, the 1996 Cook paper suggests that the results for motor 
tonic-clonic seizures were similar to those seen in the 1995 Cook paper. However, the 1995 Cook 
paper did not report motor based tonic-clonic seizures, instead it only reported EEG defined seizures 
i.e., “A seizure was considered to have occurred if post-stun EEG amplitude was at least five times 
greater than pre-stun amplitude”.  
Table 7:  Study characteristics of two studies that reported unconsciousness in head-only electrical 
stunning in sheep. 
Reference Method details Age (N) Weight 
(kg) 
Country Location Production 
group 
Sex 
(Cook et 
al., 1996) 
A current of four 
seconds duration (50 Hz, 
400 V open circuit with 
the current limited to 1.5 
A) passed across the 
head, followed by 
severance of carotid 
arteries and jugular veins 
within 10 seconds of 
being stunned. 
6-12 
months 
(6 stunned 
and 
recovered 
then 2 
animals) 
stunned 
and killed 
30-48 New 
Zealand 
Experimental 
setting 
Sheep NR 
(Velarde 
et al., 
2002) 
A 50 Hz sinusoidal 
alternating current (Ae) 
of a constant voltage of 
250 V was delivered for 
3.0 s, using scissor-type 
dry stunning tongs 
(Stork MPG, SA, 
Spain). The stunner 
used flat button 
electrodes 2.5 cm in 
diameter. 
12-14 
weeks 
(24 
animals) 
22.6 +/- 
0.45 
Spain NR Ripollesa 
breed 
(lambs) 
NR 
 
Table 8:  Definitions of the reference test for studies that assessed head-only electrical stunning in 
sheep 
Reference Definition of unconsciousness provided by study authors 
(Cook et al., 1996) 
Irreversible loss of consciousness was determined by an EEG isoelectric signal 
(≤1-0 pV) 
(Velarde et al., 2002) 
Not clearly defined by the authors  “all animals were unconscious based on the 
amplitude of the EEG” 
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4.1.5.3. Risk of bias within individual studies  
The risk of bias in the individual studies was likely to be minimal, despite the fact that many features 
that would document minimal bias were missing. Neither study reported the approach to selecting the 
study animals.  The one study that had multiple groups did not discuss the approach to allocation to 
group. 
The potential lack of independent assessment of either the index or references tests seems to be the 
most likely source of bias. However, we consider this to have had minimal impact. Neither study 
author explicitly reported an independent assessment of the tests. Velarde et al., 2002 reported using 
cameras to record the animals’ behaviors, and the same person assessed the outcome. However, as the 
authors did not explicitly provide a definition of unconsciousness based on the EEG, it is not entirely 
clear that the determination of “unconscious based on the amplitude of the EEG” was made truly 
independently of the information that all reflexes were absent (Velarde et al., 2002). Cook did provide 
a definition of unconsciousness, which presumably was not altered based on the presence of eye 
reflexes. It was not clear that the presence of eye reflexes was assessed independent of the EEG 
results. 
Table 9:  The proportion of unconscious animals with indicator 
Reference Indicator measure N unconscious With indicators 
(Velarde et al., 2002) Immediate onset of tonic seizure 24* 24 
(Velarde et al., 2002) No corneal reflex 24* 24 
(Velarde et al., 2002) Immediate absence of breathing 24* 24 
(Cook et al., 1996) Absence of eye reflex 2 2 
N= number of unconscious animals (denominator). The authors reported studying 24 animals for behaviors but only 21 
animals had EEG data.  
R =number of unconscious animals with the indicator 
 
4.1.5.4. Synthesis of the results  
No quantitative summary of the results was undertaken. 
4.1.5.5. Risk of bias across the studies results  
We consider the potential for publication bias in this topic area (stun efficacy) is high. We suggest that 
authors may be reluctant to publish that a method did not effectively stun animals.  
4.1.5.6. Additional analyses  
No additional analyses were conducted.  
4.1.6. Species and Method: Sheep & goats, killing without stunning and signs of death 
4.1.6.1. Study characteristics  
Two studies reported the use of EEG in sheep using killing without stun methods (Cook et al., 1996, 
Rodriguez et al., 2011). Only of one study provided a definition of death, which was the EFSA 
outcome of interest. However, the definition used included the indicators and therefore sensitivity and 
specificity information could not be extracted from the results (Rodriguez et al., 2011) i.e., the authors 
checked “death of the animal by means of a null Level of Consciousness index (LoC®) and the 
absence of rhythmic breathing and corneal reflex”.  
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4.1.7. Species and Method: Poultry, electric waterbath and signs of unconsciousness 
4.1.7.1. Study characteristics  
Three studies reported the use of EEG to assess unconsciousness in birds that were stunned using an 
electric water bath (Prinz et al., 2010a, 2010b, 2012). The authors collected data on the number of 
animals with indicators of interest and two EEG measures; neither explicitly included the authors’ 
definition of unconsciousness. Regardless, data were reported as the proportion of stunned animals 
with the indicator at <10 seconds, 10-20 seconds, 20-30 seconds and 20-40 seconds. The study authors 
also reported the proportion of stunned animals that were unconscious. Therefore, as discussed in 
Section 3.6.1, such an approach to reporting does not enable calculation of the sensitivity and 
specificity of indicators of unconsciousness. These proportions were reported in figures as bar charts 
and therefore the numbers were inferred. Further, the proportions in the figures were obtained from 
predicted models. However, the study authors did not discuss the assessment of model fit (Prinz et al., 
2010a, 2010b, 2012).  
4.1.8. Species and Method: Poultry, CO2 in two phases, CO2+inert gases, inert gases and signs 
of unconsciousness  
4.1.8.1. Study characteristics  
Ten studies reported the use of EEG to measure unconsciousness in poultry stunned using various gas 
methods (Coenen et al., 2000, 2005, 2009; Gerritzen et al., 2013; McKeegan et al., 2007; Raj et al., 
1990, 1991, 1992a, 1992b, 1998). However, only no study explicitly reported an indicator requested 
by EFSA. Another commonly reported outcome was eye closure. It. It was unclear to the review team 
if this term was synonymous with no eye blinking or fixed eyes. The EFSA indicators requested “fixed 
eye” which to the review team implied “open eyes” rather than closed eyes. As none of these data can 
be used to estimate sensitivity and specificity, no further discussion is provided.  Further these data 
were of little value for determining sensitivity and specificity because they were measured as group 
level summary times. These data are reported below in Table 10. As indicated in Section 3.6.3, 
translation of group level time based metrics require assumptions that are likely to be invalid. In the 
case of these data for the Argon with 2% oxygen methods, clearly the indicator and index are likely to 
overlap. For other methods, eye closure was likely on average to occur after unconsciousness. 
However, without knowledge of the joint distribution the information needed to assess sensitivity and 
specificity at the bird level cannot be estimated.   
At the request of an external reviewer data about time to loss of posture was extracted from studies 
were it was readily identified after the conclusion of the review process. Loss of posture was not an 
indicator included in the tender or the review protocol and these data are included in the appendix.  
Table 10:  Descriptive information about groups that compared time to onset of unconsciousness and 
time to onset of eye closure in gassing methods of stunning poultry.  
Reference Method details N Time to onset of 
Mean 
(sec) 
Dispersion 
descriptor 
Outcome 
for 
dispersion  
(Raj et al., 
1991) 
Argon with 2% oxygen 8 Unconsciousness 17 SD 3 
(Raj et al., 
1991) 
Argon with 2% oxygen 20 Eye closure 18 SD 3 
(Raj et al., 
1990) 
45% CO2 with remainder 
air - 44% N and 11% 
oxygen 
13 Unconsciousness 21 SD 4 
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(Raj et al., 
1991) 
45% CO2 with remainder 
air - 44% N and 11% 
oxygen 
8 Eye closure 34 SD 5 
(Raj et al., 
1992a) 
49% carbon dioxide in air 
(10% residual oxygen; 
hypercapnic hypoxia) 
8 Unconsciousness 11 SEM 1.27 
(Raj et al., 
1992a) 
49% carbon dioxide in air 
(10% residual oxygen ; 
hypercapnic hypoxia) 
8 Eye closure 19 SEM 0.88 
(Raj et al., 
1992a) 
 31% carbon dioxide and 
2% oxygen in argon 
(hypercapnic anoxia) 
14 Unconsciousness 11 SEM 0.75 
(Raj et al., 
1992a) 
 31% carbon dioxide and 
2% oxygen in argon 
(hypercapnic anoxia) 
8 Eye closure 19 SEM 0.59 
4.1.9. Species and Method: Poultry, killing without stunning and signs of death 
No studies were identified that used EEG-based measures of death compared to the EFSA designated 
indictors.  
CONCLUSIONS AND RECOMMENDATIONS 
The purpose of the review was to describe sensitivity and specificity of indicators that can be 
measured in abattoirs for predicting unconsciousness or death. We did identify any studies that 
explicitly reported this information. For some studies it was possible to infer this information and 
these data are summarized in Table 11. 
Table 11:  Summary of indicators reported in unconscious animals 
Reference 
Species Stun method Indicator 
measure 
N 
unconscious 
N with 
indicators 
Sensitivi
ty 
(Blackmore and 
Newhook, 1982) 
Bovine Captive bolt No palpebral 
reflex 
2 2 100% 
(Blackmore and 
Newhook, 1982) 
Bovine Captive bolt No corneal 
reflex 
2 2 100% 
(Blackmore and 
Newhook, 1982) 
Bovine Captive bolt 
Tonic seizure 
2 2 100% 
(Lambooij and 
Spanjaard, 1981) 
Bovine Captive bolt No corneal 
reflex 
23 23 100% 
(Lambooij and 
Spanjaard, 1981) 
Bovine Captive bolt 
Tonic seizure 
23 23 100% 
(Velarde et al., 
2002) 
Sheep Head-only 
electrical stun 
Immediate onset 
of tonic seizure 
24* 24 100% 
(Velarde et al., 
2002) 
Sheep Head-only 
electrical stun 
No corneal 
reflex 
24* 24 100% 
(Velarde et al., 
2002) 
Sheep Head-only 
electrical stun 
Immediate 
absence of 
breathing 
24* 24 100% 
(Cook et al., 
1996) 
Sheep Head-only 
electrical stun 
Absence of eye 
reflex 
2 2 100% 
N= number of unconscious animals (denominator). The authors reported studying 24 animals for behaviors but only 21 
animals had EEG data.  
R =number of unconscious animals with the indicator 
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In two situations it was possible to infer sensitivity, i.e., studies that assessed captive bolt stunning in 
bovines and head-only stunning in sheep. The common characteristics of these methods is the pace at 
which stun should occur when effective. If the method works well animals will have a very sudden 
onset of unconsciousness. Although some animals were apparently conscious for a very short period, 
the methods appeared to rapidly induce unconscious in all study animals. In this case the number of 
animals in the study could be inferred to be the number of unconscious animals. If this inference was 
correct, then the number of animals in the study would be used as the denominator in the sensitivity 
equation.  
To assess specificity the denominator must be stunned but conscious animals if it is to be analogous 
with specificity in disease settings. In animal health settings it is possible to identify the number of 
truly diseased animals and the number of truly non-diseased animals at a point in time. What is the 
time point at which measurements should be made to assess sensitivity and specificity of indicators of 
unconsciousness or death? For the methods of stunning that rapidly induce unconsciousness, finding 
this population (conscious but stunned animals) raises special concerns. In an experimental setting 
where EEG use is practical, how does one obtain a “stunned” but conscious set of animals for study 
for methods such as head-only stunning or captive bolt stunning. If recovery was possible, it would 
appear that the sensible time point for such a study would be when kill would occur. For example, if 
kill step occurred 40 seconds post stun, then it would be sensible to assess the indicators in conscious 
and unconscious animals at that point. Again if no conscious animals existed, specificity could not be 
assessed.   
Electric waterbath stunning of poultry may have the same issue however the data suggested that 
animals were conscious for longer periods and in larger numbers (data not shown). In this species 
stun-kill method it might be possible to assess the proportion of conscious but stunned animals with an 
indicator at a set time point.  Again, if a time point had to be picked, it would seem that expected time 
to kill would be sensible to assess the indicators in conscious and unconscious animals at that point. 
However, the concern is that researchers would report the prevalence of consciousness and 
unconsciousness at these time point which has been done often, rather than the sensitivity and 
specificity of indicators. To determine the predictive value of the indicators, both prevalence estimates 
as well as the sensitivity and specificity will be needed.    
For gas stunning methods, clearly the group-level average timing of indicators was important for the 
original hypothesis test proposed by the authors of those studies. Those goals however do not generate 
data that can be used for estimation of sensitivity and specificity at the individual animal level.  
Overall studies rarely reported the blinding of the reference and index tests. This is not surprising. 
Blinding of the reference test (EEG) and the indicator is a feature that is important for bias in studies 
of diagnostic test development. However, the majority of the studies identified in level four for were 
either prevalence studies, descriptive survival studies or intervention studies. For the prevalence 
studies the aim often appeared to be, although not explicitly stated, to assess the prevalence of 
unconsciousness and indicators in stunned animals at certain points in time. For the descriptive 
survival studies, the aim was often to describe the time to events i.e., the time to unconsciousness or 
the time to onset of wing flapping. Finally, some studies aimed to compare either the prevalence or 
time to events in different types of stun-kill. In all these designs, although it would be useful, blinding 
of the reading of one outcome to another outcome is rarely mentioned as a design feature, so the 
absence of this information does not imply poorly conducted studies. Instead, the absence of these 
features reflects differences in the original purpose of the study and the review question.  
For killing without stunning, no data were available. It is unclear why. There is perhaps a strong 
reluctance to fund, conduct or publish such studies. Some studies did report the time to loss of 
consciousness, but none reported time to death. 
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The definitions of unconsciousness differed between authors. Clearly, this is because the definition is 
evolving. To ensure the ability to use studies in later years, comprehensive descriptions of methods of 
measuring EEG readings, defining consciousness and death are needed. Recent papers compared to 
older studies appeared to provide more detail suggesting improvements in reporting over the years. 
Experienced authors of such important studies are encouraged to develop guidelines for what should 
be reported to enable interpretation of the approach to assessing unconsciousness or death. As 
awareness of the data gaps increases the number of researchers conducting this work may increase and 
such guidelines could ensure the studies conducted have maximum value when later used in evidence 
synthesis.    
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APPENDICES  
A.  Science Citation Index Expanded [SCI-Expanded] 1900-2013/04/05 (Web of Knowledge, 
Thompson Reuters) Searched 08/04/2013  
# 25 #24 OR #23 786 
# 24 TS=((“stun” or “stuns” or “stunning” or “stunner”) near/4 (“quality” or “effective*” or 
“efficacy” or “efficacious” or "perform*")) 
213 
# 23 #22 AND #19 AND #11 AND #3 659 
# 22 #21 OR #20 1,778,559 
# 21 TS=("animals" or "animal" or "livestock" or "ruminant$") 730,766 
# 20 TS=("bovine" or "cow" or "cows" or "cattle" or "beef" or "calf" or "calves" or "veal" or 
“bull” or “bulls” or “buffalo*” or "pig" or "pigs" or "piglet$" or "sow" or "sows" or 
"pork" or "swine" or "porcine" or "finisher$" or “boar” or “boars” or "sheep" or 
"murine" or "lamb" or "lambs" or "mutton" or "goat$" or "poultry" or "chicken*" or 
"hen" or "hens" or "broiler$" or "turkey$") 
1,203,222 
# 19 #18 OR #17 OR #16 OR #15 OR #14 OR #13 OR #12 2,465,316 
# 18 TS=((“behavioral” or “behavioural” or “physiological”) near/4 (“response” or 
“responses”)) 
40,131 
# 17 TS=(“flap” or “flapping” or “wing” or “wings” or “feather*” or “struggl*” or “pain” or 
“welfare”) 
427,179 
# 16 TS=(“death” or “dead” or “unconscious*” or “conscious*” or “insensib*” or 
“sensibility") 
536,970 
# 15 TS=((“muscle$” near/4 “tone”) or “movement$” or “moving” or “gasping” or “gasps” 
or “gasped” or “gag” or “gagged” or “gagging”) 
343,069 
# 14 TS=(“blink” or “blinked” or “blinking” or “nystagmus” or “bleeding” or “heart” or 
“heartbeat$” or “pulse” or “relaxed”) 
998,816 
# 13 TS=(“vocali*” or ("fixed” near/3 “eyes") or “pupil$” or “reflex” or “reflexes” or 
(“rais*” near/3 “head$”)) 
89,044 
# 12 TS=(“collaps*” or “breathing” or “seizure” or “seizures” or “prick” or “pricks” or 
“pricking” or “pinch” or “pinching” or “pinches”) 
234,282 
# 11 #10 OR #9 OR #8 OR #7 OR #6 OR #5 OR #4 1,325,111 
# 10 TS=(“ritual*” or "religious*" or “kosher” or “halal” or “shechita” or “shehitah” or 
“shehita” or “shechitah” or “dhabihah” or “zabiha”) 
10,336 
# 9 TS=("penetrating bolt$" or "penetrative bolt$") 2 
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# 8 TS=(("captive” near/2 “bolt$") or (“bolt” near/2 “pistol*”) or “zephyr$” or “bolt gun$” 
or “boltgun$” or “stun bolt$” or “stunbolt$” or “cattle gun$”) 
271 
# 7 TS=((“electric*” or "electrified") near/3 (“bath” or “baths”) or “voltage*” or 
“electronarcosis” or “electro-narcosis” or "head-only" or ("wave" near/3 "frequenc*")) 
300,225 
# 6 TS=((“electric*” or “electrified”) near “waterbath*”) 21 
# 5 TS=(“gas” or “gases” or “gassing”) 814,838 
# 4 TS=("carbon dioxide" or “co2” or "co 2") 288,942 
# 3 #2 OR #1 160,044 
# 2 TS=(“slaughter*” or “abattoir*” or “meat” or “kill” or “killing”) 132,864 
# 1 TS=(“stunning” or “stun” or “stunned” or “stuns” or “stunner” or “restun*” or “unstun*” 
or “unconscious*” or “euthan*” or “narcosis”) 
28,369 
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B.  Conference Proceedings Citation Index - Science [CPCI-S] 1990-2013/04/05 (Web of 
Knowledge, Thompson Reuters) Searched 08/04/2013  
# 25 #24 OR #23 83 
# 24 TS=((“stun” or “stuns” or “stunning” or “stunner”) near/4 (“quality” or “effective*” or 
“efficacy” or “efficacious” or "perform*")) 
24 
# 23 #22 AND #19 AND #11 AND #3 64 
# 22 #21 OR #20 148,979 
# 21 TS=("animals" or "animal" or "livestock" or "ruminant$") 68,895 
# 20 TS=("bovine" or "cow" or "cows" or "cattle" or "beef" or "calf" or "calves" or "veal" or 
“bull” or “bulls” or “buffalo*” or "pig" or "pigs" or "piglet$" or "sow" or "sows" or 
"pork" or "swine" or "porcine" or "finisher$" or “boar” or “boars” or "sheep" or 
"murine" or "lamb" or "lambs" or "mutton" or "goat$" or "poultry" or "chicken*" or 
"hen" or "hens" or "broiler$" or "turkey$") 
94,022 
# 19 #18 OR #17 OR #16 OR #15 OR #14 OR #13 OR #12 388,604 
# 18 TS=((“behavioral” or “behavioural” or “physiological”) near/4 (“response” or 
“responses”)) 
3,286 
# 17 TS=(“flap” or “flapping” or “wing” or “wings” or “feather*” or “struggl*” or “pain” or 
“welfare”) 
43,999 
# 16 TS=(“death” or “dead” or “unconscious*” or “conscious*” or “insensib*” or 
“sensibility") 
55,495 
# 15 TS=((“muscle$” near/4 “tone”) or “movement$” or “moving” or “gasping” or “gasps” 
or “gasped” or “gag” or “gagged” or “gagging”) 
92,377 
# 14 TS=(“blink” or “blinked” or “blinking” or “nystagmus” or “bleeding” or “heart” or 
“heartbeat$” or “pulse” or “relaxed”) 
166,726 
# 13 TS=(“vocali*” or ("fixed” near/3 “eyes") or “pupil$” or “reflex” or “reflexes” or 
(“rais*” near/3 “head$”)) 
10,403 
# 12 TS=(“collaps*” or “breathing” or “seizure” or “seizures” or “prick” or “pricks” or 
“pricking” or “pinch” or “pinching” or “pinches”) 
38,089 
# 11 #10 OR #9 OR #8 OR #7 OR #6 OR #5 OR #4 344,791 
# 10 TS=(“ritual*” or "religious*" or “kosher” or “halal” or “shechita” or “shehitah” or 
“shehita” or “shechitah” or “dhabihah” or “zabiha”) 
1,184 
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# 9 TS=("penetrating bolt$" or "penetrative bolt$") 1 
# 8 TS=(("captive” near/2 “bolt$") or (“bolt” near/2 “pistol*”) or “zephyr$” or “bolt gun$” 
or “boltgun$” or “stun bolt$” or “stunbolt$” or “cattle gun$”) 
45 
# 7 TS=((“electric*” or "electrified") near/3 (“bath” or “baths”) or “voltage*” or 
“electronarcosis” or “electro-narcosis” or "head-only" or ("wave" near/3 "frequenc*")) 
147,255 
# 6 TS=((“electric*” or “electrified”) near “waterbath*”) 0 
# 5 TS=(“gas” or “gases” or “gassing”) 172,954 
# 4 TS=("carbon dioxide" or “co2” or "co 2") 45,267 
# 3 #2 OR #1 12,889 
# 2 TS=(“slaughter*” or “abattoir*” or “meat” or “kill” or “killing”) 10,448 
# 1 TS=(“stunning” or “stun” or “stunned” or “stuns” or “stunner” or “restun*” or 
“unstun*” or “unconscious*” or “euthan*” or “narcosis”) 
2,515 
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C.  BIOSIS Citation Index [BCI] 1969-2013/04/05 (Web of Knowledge, Thompson Reuters) 
Searched 08/04/2013 
# 25 #24 OR #23 1,281 
# 24 TS=((“stun” or “stuns” or “stunning” or “stunner”) near/4 (“quality” or “effective*” or 
“efficacy” or “efficacious” or "perform*")) 
167 
# 23 #22 AND #19 AND #11 AND #3 1,176 
# 22 #21 OR #20 1,462,69
1 
# 21 TS=("livestock" or "ruminant$") 61,532 
# 20 TS=("bovine" or "cow" or "cows" or "cattle" or "beef" or "calf" or "calves" or "veal" or 
“bull” or “bulls” or “buffalo*” or "pig" or "pigs" or "piglet$" or "sow" or "sows" or "pork" 
or "swine" or "porcine" or "finisher$" or “boar” or “boars” or "sheep" or "murine" or 
"lamb" or "lambs" or "mutton" or "goat$" or "poultry" or "chicken*" or "hen" or "hens" or 
"broiler$" or "turkey$") 
1,439,11
2 
# 19 #18 OR #17 OR #16 OR #15 OR #14 OR #13 OR #12 4,116,02
0 
# 18 TS=((“behavioral” or “behavioural” or “physiological”) near/4 (“response” or 
“responses”)) 
54,717 
# 17 TS=(“flap” or “flapping” or “wing” or “wings” or “feather*” or “struggl*” or “pain” or 
“welfare”) 
294,756 
# 16 TS=(“death” or “dead” or “unconscious*” or “conscious*” or “insensib*” or “sensibility") 454,004 
# 15 TS=((“muscle$” near/4 “tone”) or “movement$” or “moving” or “gasping” or “gasps” or 
“gasped” or “gag” or “gagged” or “gagging”) 
2,032,18
7 
# 14 TS=(“blink” or “blinked” or “blinking” or “nystagmus” or “bleeding” or “heart” or 
“heartbeat$” or “pulse” or “relaxed”) 
1,469,03
7 
# 13 TS=(“vocali*” or ("fixed” near/3 “eyes") or “pupil$” or “reflex” or “reflexes” or (“rais*” 
near/3 “head$”)) 
90,611 
# 12 TS=(“collaps*” or “breathing” or “seizure” or “seizures” or “prick” or “pricks” or 
“pricking” or “pinch” or “pinching” or “pinches”) 
171,422 
# 11 #10 OR #9 OR #8 OR #7 OR #6 OR #5 OR #4 758,997 
# 10 TS=(“ritual*” or "religious*" or “kosher” or “halal” or “shechita” or “shehitah” or 
“shehita” or “shechitah” or “dhabihah” or “zabiha”) 
7,311 
# 9 TS=("penetrating bolt$" or "penetrative bolt$") 1 
# 8 TS=(("captive” near/2 “bolt$") or (“bolt” near/2 “pistol*”) or “zephyr$” or “bolt gun$” or 
“boltgun$” or “stun bolt$” or “stunbolt$” or “cattle gun$”) 
261 
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# 7 TS=((“electric*” or "electrified") near/3 (“bath” or “baths”) or “voltage*” or 
“electronarcosis” or “electro-narcosis” or "head-only" or ("wave" near/3 "frequenc*")) 
99,623 
# 6 TS=((“electric*” or “electrified”) near “waterbath*”) 23 
# 5 TS=(“gas” or “gases” or “gassing”) 573,285 
# 4 TS=("carbon dioxide" or “co2” or "co 2") 141,698 
# 3 #2 OR #1 187,180 
# 2 TS=(“slaughter*” or “abattoir*” or “meat” or “kill” or “killing”) 166,010 
# 1 TS=(“stunning” or “stun” or “stunned” or “stuns” or “stunner” or “restun*” or “unstun*” 
or “unconscious*” or “euthan*” or “narcosis”) 
22,150 
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D.  Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations and Ovid MEDLINE(R) 
<1946 to Present> Searched 08/04/2013 
1     Abattoirs/ (4054) 
2     (slaughter$ or abattoir$1 or meat or kill or killing).ti,ab. (97669) 
3     (stunning or stun or stunned or stuns or stunner or restun$ or unstun$ or unconscious$ or euthan$ 
or narcosis).ti,ab. (31422) 
4     or/1-3 (129052) 
5     (carbon dioxide or co2 or co 2).ti,ab. (95615) 
6     (gas or gases or gassing).ti,ab. (188292) 
7     Carbon Dioxide/ (71083) 
8     ((electric$ or electrified) adj4 waterbath$1).ti,ab. (15) 
9     (((electric$ or electrified) adj3 (bath or baths)) or voltage$ or electronarcosis or electro-narcosis or 
head-only or (wave adj3 frequenc$)).ti,ab. (92456) 
10     Electroshock/ or Electronarcosis/ (12133) 
11     ((captive adj2 bolt$1) or (bolt adj2 pistol$1) or zephyr$1 or bolt gun$1 or boltgun$1 or stun 
bolt$1 or stunbolt$1 or cattle gun$1).ti,ab. (184) 
12     (penetrating bolt$1 or penetrative bolt$1).ti,ab. (0) 
13     (ritual$ or religious$ or kosher or halal or shechita or shehitah or shehita or shechitah or 
dhabihah or zabiha).ti,ab. (17783) 
14     or/5-13 (416024) 
15     (collaps$ or breathing or seizure or seizures or prick or pricks or pricking or pinch or pinching or 
pinches).ti,ab. (174730) 
16     (vocali$ or (fixed adj3 eyes) or pupil$1 or reflex or reflexes or (rais$ adj3 head$1)).ti,ab. (92193) 
17     (blink or blinked or blinking or nystagmus or bleeding or heart or heartbeat or pulse or 
relaxed).ti,ab. (812187) 
18     ((muscle$1 adj4 tone) or movement$ or moving or gasping or gasps or gasped or gag or gagged 
or gagging).ti,ab. (267115) 
19     (death or dead or unconscious$ or conscious$ or insensib$ or sensibility).ti,ab. (522018) 
20     (flap or flapping or wing$1 or feather$1 or struggle$ or pain or welfare).ti,ab. (456839) 
21     ((behavioral or behavioural or physiological) adj4 response$1).ti,ab. (30033) 
22     exp Unconsciousness/ve (118) 
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23     exp Electroencephalography/ve (347) 
24     animal welfare/ (9052) 
25     or/15-24 (2156176) 
26     (bovine or cow or cows or cattle or beef or calf or calves or veal or bull or bulls or buffalo$1 or 
pig or pigs or piglet$ or sow or sows or pork or swine or porcine or finisher$1 or boar or boars or 
sheep or murine or lamb or lambs or mutton or goat$1 or poultry or chicken$1 or hen or hens or 
broiler$1 or turkey$1).ti,ab. (861455) 
27     (animal or animals or livestock or ruminant$1).ti,ab. (782020) 
28     cattle/ or exp goats/ or exp sheep/ or exp swine/ (534301) 
29     chickens/ or turkeys/ (101130) 
30     or/26-29 (1688742) 
31     4 and 14 and 25 and 30 (501) 
32     ((stun or stuns or stunning or stunner) adj4 (quality or effective$ or efficacy or efficacious or 
perform$)).ti,ab. (112) 
33     31 or 32 (566) 
34     humans/ not animals/ (11359347) 
   33 not 34 (549) 
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E.  CAB Abstracts 1910-2013/04/03 (Web of Knowledge, Thompson Reuters) Searched 
08/04/2013 
# String  
# 28 #26 OR #27 1,369 
# 27 TS=((“stun” or “stuns” or “stunning” or “stunner”) near/4 (“quality” or “effective*” or 
“efficacy” or “efficacious” or "perform*")) 
257 
# 26 #25 AND #21 AND #13 AND #4 1,240 
# 25 #22 OR #23 OR #24 1,377,753 
# 24 CCO= MEAT PRODUCING ANIMALS 110,780 
# 23 DE= meat animals 2,370 
# 22 TS=("bovine" or "cow" or "cows" or "cattle" or "beef" or "calf" or "calves" or "veal" or 
“bull” or “bulls” or “buffalo*” or "pig" or "pigs" or “piglet$” or “boar” or "boars" or 
"sow" or "sows" or "pork" or "swine" or "porcine" or "finisher$" or "sheep" or 
"murine" or "lamb" or "lambs" or "mutton" or "goat$" or "poultry" or "chicken*" or 
"hen" or "hens" or "broiler$" or "turkey$") 
1,372,684 
# 21 #20 OR #19 OR #18 OR #17 OR #16 OR #15 OR #14 617,225 
# 20 TS=((“behavioral” or “behavioural” or “physiological”) near/4 (“response” or 
“responses”)) 
15,387 
# 19 TS=(“flap” or “flapping” or “wing” or “wings” or “feather*” or “struggl*” or “pain” or 
“welfare”) 
103,725 
# 18 TS=(“death” OR “dead” OR “unconscious*” or “conscious*” or “insensib*” or 
“sensibility") 
257,224 
# 17 TS=((“muscle$” near/4 “tone”) or “movement$” or “moving” or “gasping” or “gasps” 
or “gasped” or “gag” or “gagged” or “gagging”) 
105,824 
# 16 TS=(“blink” or “blinked” or “blinking” or “nystagmus” or “bleeding” or “heart” or 
“heartbeat$” or “pulse” or “relaxed”) 
139,060 
# 15 TS=(“vocali*” or ("fixed” near/3 “eyes") or “pupil$” or “reflex” or “reflexes” or 
(“rais*” near/3 “head$”)) 
8,934 
# 14 TS=(“collaps*” or “breathing” or “seizure” or “seizures” or “prick” or “pricks” or 
“pricking” or “pinch” or “pinching” or “pinches”) 
31,307 
# 13 #12 or #11 or #10 or #9 or #8 or #7 or #6 or #5 261,588 
# 12 DE=slaughtering equipment 95 
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# 11 TS=(“ritual*” or "religious*" or “kosher” or “halal” or “shechita” or “shehitah” or 
“shehita” or “shechitah” or “dhabihah” or “zabiha”) 
6,653 
# 10 TS=("penetrating bolt$" or "penetrative bolt$") 2 
# 9 TS=(("captive” near/2 “bolt$") or (“bolt” near/2 “pistol*”) or “zephyr$” or “bolt gun$” 
or “boltgun$” or “stun bolt$” or “stunbolt$” or “cattle gun$”) 
623 
# 8 TS=((“electric*” or "electrified") near/3 (“bath” or “baths”) or “voltage*” or 
“electronarcosis” or “electro-narcosis” or "head-only" or ("wave" near/3 "frequenc*")) 
9,808 
# 7 TS=((“electric*” or “electrified”) near “waterbath*”) 29 
# 6 TS=(“gas” or “gases” or “gassing”) 130,952 
# 5 TS=("carbon dioxide" or “co2” or "co 2") 139,927 
# 4 #3 OR #2 OR #1 315,318 
# 3 TS=(“slaughter*” or “abattoir*” or “meat” or “kill” or “killing”) 307,379 
# 2 TS=(“stunning” or “stun” or “stunned” or “stuns” or “stunner” or “restun*” or 
“unstun*” or “unconscious*” or “euthan*” or “narcosis”) 
11,648 
# 1 CCO=ANIMAL SLAUGHTER 10,411 
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F.  National Agriculture Library Catalog [AGRICOLA] 1970-Current 
http://agricola.nal.usda.gov/ Searched 09/04/13 
Article Citation Database: Advanced Search  
(stun OR stunning OR stunned OR stuns OR stunner? OR restun? OR unstun?)AND("carbon 
dioxide"OR c02 OR gas OR gassing OR gases OR waterbath? OR bath OR baths OR voltage? OR 
electric? OR electronarcosis OR "electro narcosis"OR "head only"OR bolt OR bolts OR pistol? OR 
zephyr? OR gun OR guns OR ritual? OR religious? OR kosher OR halal OR shechita OR shehitah OR 
dhabihah OR zabiha) 402 results  
(stun OR stunning OR stunned OR stuns OR stunner?)AND(quality OR effective? OR efficac? OR 
perform?) AND (bovine OR cow? OR cattle OR beef OR calf OR calves OR veal OR bull? OR 
buffalo? OR pig? OR boar? OR sow OR sows OR pork OR swine OR porcine OR finisher? OR sheep 
OR murine or lamb? OR mutton OR goat? OR poultry OR chicken? OR hen OR hens OR broiler? OR 
turkey?) 252 results  
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G.  International Information System for the Agricultural Sciences and Technology [AGRIS] 
1975 to date http://agris.fao.org/ Searched 11/04/13 
(stun stunning stunned stuns stunner* restun* unstun*) AND (“carbon dioxide" co2 "co 2” gas gassing 
gases waterbath* voltage* electronarcosis “electro narcosis” electric* “head only” bolt bolts pistol* 
zephyr* “cattle gun*” ritual* religious kosher halal shechita shehitah dhabihah zabiha) AND 
(“behavioral response*” “behavioural response” “physiological response*” flap* wing* feather* 
struggl* pain welfare death dead unconscious* conscious* insensib*” sensibility “muscle tone*” 
movement* moving gasp* gag gagged gagging blink* nystagmus bleeding heart heartbeat* pulse 
relaxed vocali* pupil* reflex reflexes collaps* breathing seizure seizures prick* pinch* "fixed eyes"~4 
"rais* head"~4) AND (bovine cow cows cattle beef calf  calves veal  bull bulls buffalo* pig pigs 
piglet* boar boars sow sows pork swine porcine finisher* sheep murine or lamb*mutton goat* poultry 
chicken* hen hens broiler* turkey*) 188 results  
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H.  TEKTRAN: The ARS Manuscripts Database http://www.ars.usda.gov/services/tektran.htm 
Searched 11/04/13 
Browse: Measure & Evaluate Animal Well-Being, Animal Behavior  
Search: stunning, stun  
Records manually scanned; 5 records added to EndNote  
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I.  National Institute of Food and Agriculture Current Research Information System [CRIS] 
http://cris.nifa.usda.gov/ Searched 11/04/13 
CRIS Assisted Search (automatic truncation)  
Fulltext Terms: Stun 
Not these: Stunt  
Records manually scanned; 1 record added to EndNote  
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J.  Science.gov http://www.science.gov/ Searched 11/04/13  
Advanced search: Full Record: stunning OR stun OR stunned OR stuns OR stunner? OR restun* or 
unstun* (Agriculture & Food, Biology & Nature) 110 results  
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K.  Open Grey http://www.opengrey.eu/ Searched 12/04/13 
stunning OR stun OR stunned OR stuns OR stunner* OR restun* or unstun*  
12 results, 3 added to EndNote manually, remainder obviously irrelevant  
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L.  ScienceResearch.com http://www.scienceresearch.com/  Searched 12/04/13 
Advanced search: Full Record: stunning OR stun OR stunned OR stuns OR stunner? OR restun* or 
unstun* (Agriculture Sciences, Biology & Nature)  
Topic cluster: Electrical Stunning 51 results 
Topic cluster: Captive Bolt: 10 results 
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M.  International Congress of Meat Science and Technology 2012, August 12-17 Montreal, 
Canada http://www.icomst2012.ca/proceedings/Abstract_CD/index.html Searched 12/04/13 
Proceedings available as a web page; presentations manually scanned. 4 abstracts added to EndNote 
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N.  International Congress of Meat Science and Technology 2011, August 7-12 Ghent, Belguim 
http://www.sciencedirect.com/science/journal/03091740/89/3 Searched 12/04/13 
Proceedings available as a journal supplement; presentations manually scanned. 0 abstracts added to 
EndNote. 
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O.  International Congress of Meat Science and Technology 2010, August 15-10 Jeju, Korea 
http://www.sciencedirect.com/science/journal/03091740/86/1  Searched 12/04/13 
Proceedings available as a journal supplement; presentations manually scanned. 1 abstract added to 
EndNote. 
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P.  International Workshop on Assessment of Animal Welfare at Farm and Group Level, 2011, 
August 8-1 Guelph, Ontario 
http://www.uoguelph.ca/csaw/wafl/documents/WAFLproceedingsweb.pdf Searched 
12/04/13 
Proceedings available online; presentations manually scanned. 2 abstracts added to EndNote. 
Conference was not held in 2010 and 2012 so proceedings from these years could not be searched.  
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Q.  Humane Slaughter Association Centenary International Symposium.  Recent Advances in 
the Welfare of Livestock at Slaughter. 30 June-1 July 2011 Portsmouth, UK. 
http://www.hsa.org.uk/symposium%202011.html Searched 12/04/13 
Proceedings available online; presentations manually scanned. 8 abstracts added to EndNote. This was 
a one-off event, proceedings from 2010 and 2012 not available to search.  
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R.  OIE Global Conference on Animal Welfare. 6-8 November 2012 Kuala Lumpur, Malaysia 
http://www.oie.int/eng/AW2012/presentations.htm Searched 12/04/13 
Proceedings available online; presentations manually scanned. 0 abstracts added to EndNote. 
Conference was not held in 2010 and 2011 so proceedings from these years could not be searched.  
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S.  SR distiller form for Screening Level 1 
Question Text Type Question Header Answer Text Answer Header 
Does the study describe 
comparative assessment of 
death or insensibility 
(stun) using brainwave 
activity as one of the 
assays?  
Radio Comparative 
Efficacy of 
Assays 
Yes Yes 
   No No 
What species and method 
of slaughter is described in 
the study? 
Checkbox Dx Species and 
Kill Method 
None below None below 
   Poultry (chickens and 
turkeys) -electrical or 
electrical waterbath 
within section 6.3 
Chapter II 1099/2009 
Poultry (chickens 
and turkeys) -
electrical or 
electrical 
waterbath within 
section 6.3 
Chapter II 
1099/2009 
   Poultry – 40% Co2 in 
2 gases, Co2_inert 
gases and inert gases 
Poultry – 40% 
Co2 in 2 gases, 
Co2_inert gases 
and inert gases 
   Poultry- gas any 
approach other than 2 
phases 
Poultry- gas any 
approach other 
than 2 phases 
   Poultry – killing 
without stunning. 
Poultry – killing 
without stunning. 
   Pigs - head-only 
electrical: Minimum 
current (1,30 A) 
Pigs - head-only 
electrical: 
Minimum current 
(1,30 A) 
   Pigs - high 
concentration of 
carbon dioxide such 
as 80% 
Pigs - high 
concentration of 
carbon dioxide 
such as 80% 
   Bovine animals - 
penetrative captive 
bolt 
Bovine animals - 
penetrative 
captive bolt 
   Bovine animals - 
killing without 
stunning 
Bovine animals - 
killing without 
stunning 
   Sheep and goats - 
head-only electrical 
stunning (minimum 
1,00 A 
Sheep and goats - 
head-only 
electrical stunning 
(minimum 1,00 A 
   Sheep and goats- 
killing without 
stunning 
Sheep and goats- 
killing without 
stunning 
   Multiple species Multiple species 
   Can't tell based on 
the abstract only 
obtain full paper to 
complete screening 
Can't tell based on 
the abstract only 
obtain full paper 
to complete 
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screening 
Does the study evaluate 
mass depopultion methods 
of poultry on-farm ? 
Radio Does the study 
evaluate mass 
depopultion 
methods of 
poultry on-farm ? 
Yes Yes 
   No No 
Does the citation described 
a primary study describe a 
prevalence of stun quality 
or stun efficacy in species 
of interest - cattle, swine, 
poultry, sheep goats at 
slaughter for meat 
production NOT 
EMERGENCY 
SLAUGHER or DEPOP? 
(If you answered yes to Q1 
of Q3- answer NO here) 
Radio Study assessed 
Stun Quality 
Assessment 
Yes Yes 
   No No 
In what species is stun 
quality (efficacy) or stun 
failure or kill quality 
(efficacy) assessed? 
Checkbox Species for stun 
quality 
Bovine Bovine 
   Pigs Pigs 
   Chickens and/or 
turkeys) 
Chickens and/or 
turkeys) 
   Sheep and/or goats Sheep and/or 
goats 
   none of the above none of the above 
   not reported in the 
abstract 
not reported in the 
abstract 
What species and method 
of slaughter is described in 
the study? 
Checkbox Species and Kill 
Method 
None below None below 
   
N 
Poultry (chickens 
and turkeys) - 
electrical or 
electrical 
waterbath 
   
21* 
Poultry – 40% 
Co2 in 2 gases, 
Co2_inert gases 
and inert gases 
   
21* 
Poultry – killing 
without stunning. 
   
21* 
Pigs - head-only 
electrical 
   
21* 
Pigs - (80%) high 
concentration of 
carbon dioxide 
   Bovine animals - 
penetrative captive 
bolt 
Bovine animals - 
penetrative 
captive bolt 
   Bovine animals - 
killing without 
Bovine animals - 
killing without 
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stunning stunning 
   Sheep and goats - 
head-only electrical 
stunning 
Sheep and goats - 
head-only 
electrical stunning 
   Sheep and goats- 
killing without 
stunning 
Sheep and goats- 
killing without 
stunning 
   Multiple species Multiple species 
   not reported 
explicitly in the title 
or abstract 
not reported 
explicitly in the 
title or abstract 
What sex of animals? Checkbox What sex of 
animals? 
Not reported in title 
or abstract 
Not reported in 
title or abstract 
   Mixture of castrated 
males and females 
Mixture of 
castrated males 
and females 
   Castrated males only Castrated males 
only 
   Females only Females only 
   Intact males only Intact males only 
   Mixture of intact 
males and females 
Mixture of intact 
males and females 
   Mixture of castrated 
males, intact males 
and females 
Mixture of 
castrated males, 
intact males and 
females 
What outcome is reported? Checkbox Outcome reported % that were 
successfully stunned 
(stun quality) 
% that were 
successfully 
stunned (stun 
quality) 
   % that were NOT 
successfully stunned 
% that were NOT 
successfully 
stunned 
   Not reported or not 
discernible in title or 
abstract 
Not reported or 
not discernible in 
title or abstract 
What indicators are 
reported as measured in 
the title or abstract? 
Checkbox What indicators 
are reported as 
measured in the 
title or abstract? 
none of those listed 
below 
none of those 
listed below 
   something related to 
breathing 
something related 
to breathing 
   something related to 
seizures 
something related 
to seizures 
   Absence of responce 
to painful stimuli like 
No responses to a 
nose prick / ear pinch 
/comb piercing/ hoof 
pinch etc 
Absence of 
responce to 
painful stimuli 
like No responses 
to a nose prick / 
ear pinch /comb 
piercing/ hoof 
pinch etc 
   Vocalisation Vocalisation 
   Fixed eyes Fixed eyes 
   Palpebral reflex Palpebral reflex 
   Corneal reflex Corneal reflex 
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   Righting reflex Righting reflex 
   Dilated pupils Dilated pupils 
   No attempts to raise 
the head 
No attempts to 
raise the head 
   Loss of muscle tone/ 
loss of posture (not 
loss of muscle tone 
could overlap with 
inability to raise 
head) 
Loss of muscle 
tone/ loss of 
posture (not loss 
of muscle tone 
could overlap 
with inability to 
raise head) 
   Wing flapping 
/Irregular hind limb 
movement/ kicking 
may overlap with 
seizures 
Wing flapping 
/Irregular hind 
limb movement/ 
kicking may 
overlap with 
seizures 
   regular gasping-
gagging ( could 
overlap with 
breathing) 
regular gasping-
gagging ( could 
overlap with 
breathing) 
   something to do with 
eyelids 
something to do 
with eyelids 
   nystagmus (presence 
or absence) 
nystagmus 
(presence or 
absence) 
In what country was the 
study conducted? (include 
"not reported") 
Text Country of study   
Does the citation described 
a review / opinion/ report 
/proceedings may have 
citations relevant to the 
diagnostic test question 
(Q1) ? 
Radio Does the citation 
described a 
review / opinion/ 
report 
/proceedings may 
have citations 
relevant to the 
diagnostic test 
question (Q1) ? 
Yes Yes 
   No No 
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T.  Screening questions for Level 2 
 
Question Text Type Question Header Answer Text Answer Header 
Does the approach to 
stunning follow 1099/2009 
recommendations USING 
AN EEG? 
Radio Does the 
approach to 
stunning follow 
1099/2009 
recommendations 
USING AN EEG? 
Yes Yes 
   No No 
Notes to add Text Notes about paper   
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U.  Screening questions for Level 3 
 
Question Text Type Question Header Answer Text Answer Header 
Does the study have 
indicators in the EFSA 
Request for tenders for the 
species? 
Radio Does the study 
have indicators in 
the EFSA Request 
for tenders for the 
species? 
Yes Yes 
   No No 
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V.  Time to loss of posture data for gassing poultry studies 
Author Method details N 
Author's 
definition of 
indicator 
Central 
tendency 
descriptor 
Outcome 
for central 
tendency 
descriptor 
Disper
sion 
descrip
tor 
Outcome 
for 
dispersion 
descriptor 
Coenen 
et al., 
2009 
 N2 anoxia (less 
than 2% residual 
O2) 8 
Time to loss 
of posture Median 11.5 range 7 to 18 
Coenen 
et al., 
2009 
N2CO2 – N2 with 
30% CO2, 8 
time to loss 
of posture Median 7.5 range 4 to 10 
Coenen 
et al., 
2009 
a 2-phase treatment, 
consisting of 40% 
CO2 and 30% O2 
in N2 (anesthesia 
phase), followed by 
80% CO2 in air 
(euthanasia phase). 8 
Time to loss 
of posture Median 23 range 9 to 33 
Coenen 
et al., 
2009 
N2 – N2 anoxia 
(less than 2% 
residual) 8 
 EEG shows 
an 
isoelectric 
pattern, Mean 48.9 SEM 10.4 
Coenen 
et al., 
2009 
N2CO2 – N2 with 
30% CO2, 8 
 EEG shows 
an 
isoelectric 
pattern, Mean 34.3 SEM 12.1 
Coenen 
et al., 
2009 
a 2-phase treatment, 
consisting of 40% 
CO2 and 30% O2 
in N2 (anaesthesia 
phase), followed by 
80% CO2 in air 
(euthanasia phase). 8 
 EEG shows 
an 
isoelectric 
pattern, Mean 57.9 SEM 30.6 
Raj et al., 
1991 
This stunning box 
was filled with 
argon to 
achieve less than 
2% oxygen and the 
concentration of 
oxygen was 
continuously 
monitored  
(Servomex gas 
analyser, Model 
1175) . 20 
Time to loss 
of posture. 
Approach to 
monitoring 
not 
described Mean 11 SD 2 
Raj et al., 
1991 
This stunning box 
was filled with 
argon to 
achieve less than 
2% oxygen and the 
concentration of 
oxygen was 
continuously 
monitored 
(Servomex gas 8 
Time to 
onset of 
EEG 
suppression Mean 17 SD 3 
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analyser, Model 
1175) . 
Raj et al., 
1992 
49% carbon dioxide 
in air (10% residual 
oxygen ; 
hypercapnic 
hypoxia) 8 
time of 
occurrence 
of loss of 
posture Mean 11 SEM 0.55 
Raj et al., 
1992 
49% carbon dioxide 
in air (10% residual 
oxygen ; 
hypercapnic 
hypoxia) 8 
Time of 
occurrence 
of EEG 
suppression 
(suppression 
note 
defined) Mean 11 SEM 1.27 
Raj et al., 
1998 
30% oxygen, 
40% carbon dioxide 
and 30% nitrogen 
(carbon dioxide = 
40·30 +/- 0·14%; 
residual oxygen = 
31·80 +/-  0·20%). 
The average 
humidity in the 
stunning 
atmosphere was 
76% (SE 2·3) for 2 
min 
. 17 
Time to 
onset of 
EEG 
suppression Mean 40 SEM 2.3 
Raj et al., 
1998 
Hens were stunned 
in a mixture 
consisting of 31% 
carbon dioxide and 
2% oxygen in argon 
(hypercapnic 
anoxia) 
14 
"regained 
their posture 
within 25 s 
after 
responding 
to a comb 
pinch" 
Approach to 
monitoring 
not 
described 
Not able to 
extract 
data 
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W.  List of indicators divided by species and methods of stunning/killing 
 
SPECIES: BOVINES 
 
Method: CAPTIVE BOLT 
 
 
INDICATORS A (signs of unconsciousness) 
Method: KILLING WITHOUT STUNNING  
 
INDICATORS B (signs of death) 
Immediate collapse dilated pupils 
Immediate and sustained absence of rhythmic 
breathing 
absence of breathing 
Immediate onset of tonic seizure loss of muscle tone 
No responses to a nose prick or ear pinch cessation of spontaneous movement 
No vocalisation no response to nose prick 
Fixed eyes permanent collapse of the animal 
No palpebral reflex end of bleeding 
No corneal reflex absence of heart beating 
No righting reflex absence of pulse  
Dilated pupils absence of gagging-gasping 
No attempts to raise the head  
Loss of muscle tone in ears/jaws  
Irregular hind limb movement  
No regular gasping-gagging  
No blinking  
No nystagmus  
 
SPECIES: PIGS 
 
Method: HEAD-ONLY ELECTRICAL 
STUNNING 
 
INDICATORS A (signs of unconsciousness) 
Method: CARBON DIOXIDE 
 
 
INDICATORS A (signs of unconsciousness) 
Immediate collapse Completely relaxed body 
Immediate and sustained absence of rhythmic 
breathing 
Sustained absence of rhythmic breathing 
Immediate onset of tonic seizure, followed by 
clonic seizures 
No responses to a nose prick or ear pinch 
No responses to a nose prick or ear pinch No vocalisation 
No vocalisation Fixed eyes 
Fixed eyes No palpebral reflex 
No palpebral reflex No corneal reflex 
No corneal reflex No righting reflex 
No righting reflex Dilated pupils 
No attempts to raise the head No attempts to raise the head 
Irregular hind limb movement Irregular hind limb movement 
No regular gasping-gagging No regular gasping-gagging 
No blinking No blinking 
 No nystagmus 
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SPECIES: SHEEP AND GOATS 
 
Method: HEAD-ONLY ELECTRICAL 
STUNNING 
 
INDICATORS A (signs of unconsciousness) 
Method: KILLING WITHOUT STUNNING  
 
INDICATORS B (signs of death) 
Immediate collapse dilated pupils 
Immediate and sustained absence of rhythmic 
breathing 
absence of breathing 
Immediate onset of tonic seizure, followed by 
clonic seizures 
loss of muscle tone 
No responses to a nose prick or ear pinch cessation of spontaneous movement 
No vocalisation no response to nose prick 
Fixed eyes permanent collapse of the animal 
No palpebral reflex end of bleeding 
No corneal reflex absence of heart beating 
No righting reflex absence of pulse  
No attempts to raise the head absence of gagging-gasping 
Irregular hind limb movement  
No regular gasping-gagging  
No blinking  
 
SPECIES: POULTRY 
 
Method: ELECTRICAL 
WATERBATH 
 
 
INDICATORS A (signs of 
unconsciousness) 
Method: CO2 IN 2 
PHASES, CO2 + INERT 
GASES, INERT GASES 
 
INDICATORS A (signs of 
unconsciousness) 
Method: KILLING 
WITHOUT STUNNING  
 
 
INDICATORS B (signs of 
death) 
Immediate and sustained absence of 
rhythmic breathing 
Completely relaxed body dilated pupils 
Immediate onset of tonic seizure Sustained absence of 
rhythmic breathing 
absence of breathing 
No responses to comb or toe pinching No responses to comb or toe 
pinching 
loss of muscle tone 
No vocalisation No vocalisation cessation of spontaneous 
movement 
Fixed eyes Fixed eyes end of bleeding 
No palpebral reflex No palpebral reflex absence of heart beating 
No corneal reflex No corneal reflex absence of pulse  
No righting reflex No righting reflex absence of gagging-gasping 
No attempts to raise the head Dilated pupils  
Irregular limb movement No attempts to raise the 
head 
 
No regular gasping-gagging Irregular limb movement  
No blinking No regular gasping-gagging  
No wing flapping No blinking  
 No wing flapping  
 
